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(57) Abstract 

A measuring device (1) capable of being used by physicians, veterinarians, and surgeons either pre-operatively, intraoperatively, or 
post-opera tively to determine the actual size of objects shown in images made by x-rays (and other imaging techniques). The measuring 
device is electronic and can also be used to measure the angle between two objects whose images are shown. The measuring device can 
also be used to determine the proper size and shape of implants to be surgically implanted in a living body. The device (1) can also be 
used to determine the proper size and shape for templates to be used to select an implant to be surgically implanted in a living body. 
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MEASURING DEVICE 

Field pfthe Invention 

This invention relates to applications in which an electronic device 
is used to measure images of objects to provide an accurate^ 
measurement of the actual objects whose images are portrayed. This 
invention also relates to applications in which an electronic device is used 
to provide an accurate measurement of angles. 

Background of the Invention 

Presently, it is difficult to measure exactly the actual distance 
represented by a distance on a radiograph (or, colloquially, X-ray). This is 
because of parallax and other causes which result in the length of an 
image on the developed radiograph not being equal to the actual length 
of the item or object (e.g., a patient's arm) being measured or shown on 
the developed X-ray. 

For example, the magnification of x-ray images causes difficulty in 
diagnosis and treatment of structural conditions encountered in 
orthopaedics and other medical fields. The process of converting the x-ray 
image to actual size consumes valuable operating room time and 
physician time (preoperative and intraoperative) and introduces the 
possibility of error into measurements. This error can adversely affect the 
quality of medical services provided and the actual result experienced by 
the patient. Further, such measurement errors could be the source of 
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professional malpractice liability for physicians and others involved in 
treating a patient. 

In many cases, the magnification factor (the amount by which the 
actual object size has been enlarged) is affected by the soft tissues 
5 surrounding the bone which tissues may determine the distance between 

the bone and the radiograph cassette. On a radiograph the ratio of the 
image size to the actual object size may be a number different than 1 .0. 
The magnification factor may vary from patient to patient due to 
anatomical differences. As a result, the magnification factor is an unknown 

10 variable (until determined by measurement). In computer-generated 

images (such as computerized axial tomography or CAT-scans) the 
images may be less than, equal to, or greater than the actual size of the 
object portrayed because in the computer processing of the information, 
the size of the images may have been reduced, maintained constant, or 

15 enlarged from their actual size. In the case of objects which have been 

reduced in size, it is necessary to determine a minimization factor (the 
amount by which the actual object size has been reduced) to determine 
the actual size of the structure depicted on the developed scan from a 
measurement of the image on the developed scan. Each x-ray or scan 

20 will typically have a different magnification or minimization factor Given 

the above discussion and understanding, the factor will be referred to 
below as a magnification factor unless the context requires otherwise. 
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Historically, the problem of an unknown magnification factor has 
been solved by placing a radio-opaque (impenetrable by x-rays) marker 
of known dimensions in the same plane as the bone being measured? 
This radio-opaque marker, having known dimensions, can be measured 
on the developed radiograph. Thus, the magnification factor can be 
calculated by dividing the length of an image measured from the 
developed radiograph by the known length of the object. These 
calculations are still challenging and time consuming due to the potentially 
large number of measurements and related mathematical conversions 
which may be required for a given medical procedure or series of 
procedures. Standard transparent rulers and magnified overlays are used 
by physicians to assist in the task of accurately measuring the structures 
of interest. However, there is still a substantial amount of estimating and 
guess work involved in the measurement process. 

Ortho-Graphics, Inc., 807 East South Temple, Suite 330, Salt Lake 
City, Utah 84102 sells a family of computer systems for managing and 
reporting orthopaedic clinical data for outcomes analysis, medical 
practice, research, and education. For image processing and analysis, a 
graphical device (for example, a digitizing tablet), a video input device (for 
example, a video camera), or a radiograph scanner is used to input the 
information from a radiograph or scan into a microcomputer. The medical 
image data may then be manipulated by the computer for outcomes 
analysis, enhancement, annotation, storage/retrieval, communication, 
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and planning of surgical procedures including implant selection and 
tracking. The Ortho-Graphics products do not appear to be hand-held. 
Utilization of the Ortho-Graphics products requires the user to digitize a 
radiograph or scan, to put the digitized data into a computer, and to make 
5 measurements from a computer screen. 

Devices called the Ortho Ranger II, Ortho lll Y and Ortho Max 
offered by M.L Tech, Inc., or Medical Instrument Technology Inc., or M.I. 
Technologies, 4239 S. Atlantic Avenue, Daytona Beach, Florida, can be 
used to measure angles on an X-ray. These devices (such as the Ortho 

10 Ranger II) can be used with an attachment to measure distances on an 

X-ray film. However, these devices (such as the Ortho Ranger II) do not 
measure distances digitally. Further, these devices (such as the Ortho 
Ranger II) do not adjust for magnification/minimization problems. 

Various features of the Ortho Ranger are mentioned in a booklet 

15 dated in 1989 entitled "Measuring Range of Motion With The Ortho 

Ranger II Inclinometer - An Illustrated Guide referring to M.I. Tech, Inc., 
and Medical Instrument Technology, Inc., at the address stated above. 
A double-sided single page brochure entitled "Now ...as Never Before 
Accurate Measurement of Range of Motion" Ortho Ranger refers to M.I. 

20 Technologies at the address stated above. The latter brochure is undated 

but refers to the 154 page booklet. The Ortho III and Ortho Max are 
referred to in an undated double-sided single page brochure from M.I. 
Tech Inc., at the address stated above. 
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Summarv of the Invention 

One aim of the present invention (the Electronic X-Ray Caliper 
(EXCALIPER™)) developed by the inventor is to resolve many of the" 
problems related to magnification/minimization factor calculations on 
developed radiographs and images made using computerized axial 
tomography (CAT scans), positron emission tomography (PET scans), 
magnetic resonance imaging (MRI) and other techniques which may be 
used now and in the future. 

Another aim of the present invention is to provide in EXCALIPER™ 
(in the preferred embodiment) a hand-held measuring device designed to 
fit in the coat pocket of the physician, technician, nurse, or bioengineer 
which will provide accurate measurement of the actual size of anatomical 
structures portrayed in radiographs or scans by comparing the known 
value of a dimension of a radio-opaque marker shown on a radiograph or 
a scale shown on a scan with the measured value of the same dimension 
of the radio-opaque marker or scale as measured directly from the 
radiograph or scan. 

Another aim of the present invention is to allow its user to calibrate 
the device to the radiograph magnification factor. By using the 
EXCALIPER product, physicians and surgeons can quickly and accurately 
measure actual sizes of bones, organs, and other objects which have 
been converted into an image which image does not have dimensions 
with the same measurement as the actual object. 
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Another aim of the present invention is to provide a device which 
can be used to gather information from a radiograph or bone scan which 
information is put into a computer and used to produce a template for use' 
in selecting an appropriate size of implant. 
5 Another aim of the present invention is to provide a hand-held 

electronic device which can be used to assist in patient implant matching 
which involves selecting an implant with appropriate material, cost, and 
design. 

In addition to preoperative applications, another aim of the present 
10 invention is to provide a device which can also be used intraoperatively. 

During an orthopaedic surgical procedure, the surgeon is presented with 
situations that require decisions. The surgeon must gather information 
from various instruments and equipment. One of the most useful 
instruments is an image intensifier which makes use of a moveable arm 
15 on an x-ray machine and a video monitor to allow the surgeon 

intermittently or continuously to view the bone through the surrounding 
soft tissues. In intraoperative situations, the EXCALIPER can be 
calibrated to the image projected by the image intensifier on the video 
monitor by placing in the EXCALIPER's memory the known dimensions 
20 of the available or implanted hardware or instruments being used in the 

surgical case which hardware or instruments have an image also 
appearing on the video monitor. The surgeon can then make 
measurements of the various dimensions of the bones and/or deformities 
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of interest. Use of the EXCALIPER intraoperatively can give the surgeon 
better information on a more timely basis than before the invention of the 
EXCALIPER. Providing better (more accurate) information more quickly^ 
than before will help the surgeon make key decisions and will also help 
5 the surgeon to make better use of his time, his staffs time, and operating 

room time. Further, if operations are completed more quickly than before, 
the risk to the patient should be reduced because the patient will not have 
to be anesthetized as long as before the invention of the EXCALIPER. 
Use of the EXCALIPER also gives the surgeon an efficient, alternative 

10 means of more accurately and quickly determining the proper size of 

surgical plates/surgical bone screws, and surgical nails to be used in view 
of the patient's anatomy. The EXCALIPER may also be used post- 
operatively by calibrating the EXCALIPER to the size of radio-opaque 
implants which have been implanted and then making appropriate 

15 measurements from images of the implants in the patient. 

Another aim of the present invention is to provide a means to 
establish a benchmark in the immediate post-operative period with respect 
to initial placement of an implanted device. The information obtained in 
the immediate post-operative period could then be stored in a computer 

20 or personal computer and used as a benchmark for future analysis of 

radiographic changes or changes in other images with respect to 
radiolucency, osteolysis, and heterotopic bone which analysis will assist 
in implant tracking. 
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Another aim of the present invention is to provide for applications 
in topography, aerial reconnaissance, map-making, map-reading, and 
other fields in which it is necessary or useful to know the exact size of arr 
object whose image is portrayed with an image size not equal to the 
5 actual object size. 

Another aim of the present invention is to provide a means by 
which the angle between two items (for example, but not by way of 
limitation, two bones) can be measured by a single hand-held electronic 
device without an external attachment or attachments. 
10 Another aim of the present invention is to provide a means for 

making anatomical measurements calibrated to a specific radiograph 
magnification factor which measurements may then be transmitted to a 
computer for storage and in some cases further analysis (pre-operatively 
or post-operatively) and/or generation of templates for implants. 
15 Another aim of the present invention is to provide a means for 

making measurements and ratio measurements on a two dimensional 
surface while looking through a liquid crystal device or other clear screen 
on which cursors used in measurement may be generated. 

Another aim of the present invention is to provide a hand-held 
20 electronic device which may be used in conjunction with a template 

generator to produce templates for use in orthopaedic surgery. 

Another aim of the present invention is to provide a hand-held 
electronic device which may be used to acquire relevant anatomical and 
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other information and to select an appropriate orthopaedic or other 

implant for use in human or animal bodies. 

Another aim of the present invention is to provide a hand-held 

device electronic device which may be used to track the progress of an 
5 implant in a human or animal body. 

The invention has the capability to provide accurate measurement 

of the actual size of objects shown as radiographic or other images and 

has the capability of measuring the angle between two objects (for 

example, two bones meeting at a joint). 
1 0 According to the invention, it has been found desirable to have the 

ability to calculate relationships along various measurements. In some 

instances, the measurement ratios which if properly characterized can 

assist the physician in diagnosis and therapy. These ratios may be 

available as published data. However, they are not usually derived from 
15 measurements without a great deal of effort. The present invention 

provides means for deriving these ratios from measurements and 

displaying them for use by the physician. 

Likewise, multiple cursors may be employed to enhance the utility 

of the measuring device in accordance with the present invention to 
20 provide different dimensions and distances of an object in a single 

measuring step. 
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In another embodiment of the invention, the cursors may be 
employed to measure an area of a feature or object and in so doing 
provide additional information for the physician. 

In another embodiment of the invention, a scanning feature may be 
5 provided in the case that will read dark or light contrasts of the x-rays to 

determine edges of projected images. The scanner may be built into an 
edge of the case for command data collection. 

It is also desirable to be able to not only measure an angle but also 
to bisect it for centering purposes or to otherwise divide the angle into 
10 segments. In this regard, it may also be helpful to be able to scan the 

angle by means of a scanning cursor rotatable about a point 

The ability to store data and algorithms is also desirable. Such 
ability can be further enhanced by the availability of a transfer mechanism. 
The present invention provides such ability to store data, to store 
1 5 algorithms and where necessary to transfer the information by means of 

a parallel or serial port to another device. 

It is also contemplated to employ a prism near the edge of the case 
to enhance visibility of the object being measured and to improve 
measurements. 

20 Other enhancements include the ability to jump or switch between 

the most recent functions. 

Yet another embodiment of the invention employs a single display 
having a transparent portion for viewing objects to be measured and a 
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data/control portion for displaying selectable information. Such a 
multipurpose display may be enhanced by a touch screen feature and 
may include data entry means such as a touch screen keyboard. In this 
regard, it is also contemplated that the display be provided with a lighted 
5 layer for improved contrast. 

In an arrangement of the invention employing keys with mechanical 
actuators, such keys may be provided with a mouse like feel to improve 
utility. Also, the keys may be back lighted. 

In yet another embodiment of the invention, data scanned or 
10 entered into the measuring device may include densitometer readings 

which can be used for a marker for calcium carbonate or used for 
calculating the amount of calcium carbonate in a bone which is a useful 
diagnostic tool. 

These and further operational and structural characteristics of the 
15 invention will be more evident from the detailed description given 

hereinafter with reference to the figures of the accompanying drawings 
which illustrate exemplary embodiments by way of non-limiting examples. 

Brief Description of the Drawings 
20 FIG. 1 shows view of the front of the device; 

FIG. 2 shows a view of the back of the device; 
FIG. 3 shows a view of the bottom of the device; 
FIG. 4 shows a view of the side of the device; 
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FIG. 5 shows a schematic block diagram of the electrical 
components of the device; 

FIG. 6 shows a cross-sectional view of the LCD 2; 

FIG. 7 shows a cross-sectional view of the LCD 2 showing 
5 annunciators being used in LCD 2; 

FIG. 8 shows the same cross-sectional view of the LCD 2 as in 
FIG. 7 but showing pixels being used in LCD 2; 

FIG. 9 shows an explanation of the nomenclature used in Figs. 
11A-13; 

. 10 FIG. 1 0A shows the first of two flow charts explaining the operation 

of the Set Up Mode of the device; 

FIG. 10B shows the second of two flow charts explaining the 
operation of the Set Up Mode of the device; 

FIG. 1 1A shows the first of five flow charts explaining the operation 
1 5 of the Caliper Mode of the device; 

FIG. 1 1 B shows the second of five flow charts explaining the 
operation of the Caliper Mode of the device; 

FIG. 11C shows the third of five flow charts explaining the 
operation of the Caliper Mode of the device; 
20 FIG. 1 1 D shows a front view of the device after the MARK mode is 

selected; 

FIG. 11E shows the fourth of five flow charts explaining the 
operation of the Caliper Mode of the device; 
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FIG. 1 1 F shows the fifth of five flow charts explaining the operation 
of the Caliper Mode of the device; 

FIG. 12 shows a flow chart explaining the operation of the Angle 
Mode of the device; 

FIG. 13 shows a flow chart explaining the operation of the 
Calculator Mode of the device; 

FIG. 14A is an illustration of another embodiment of the invention 
employing a large transparent screen with a measurement portion and a 
data portion; 

FIG 14B is a bottom view of the arrangement of Fig. 14A; 

FIG. 14C is a fragmentary view of the arrangement of Fig. 14A 
showing an angle scanner or protractor; 

FIGS. 15A-C illustrate in respective top plan, elevation and side 
views, an alternative embodiment of the invention in which the case 
prismatic straight edge for improving object viewing and measurement; 
and 

FIG. 16 illustrates an embodiment of the invention in which the 
case has a hand-held scanner built in. 

Description of the Preferred Embodiment 

FIG. 1 shows a front view of the device 1 , a liquid crystal device 2 
("LCD") in the upper portion of the device 1 whose frame is constructed 
from standard injection molded plastic, a left hand cursor 3 (shown in an 
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energized state), a right hand cursor 4 (shown in an energized state), a 
silkscreened or scribed reference line 5 on the back surface of the glass 
of LCD 2. In an alternative embodiment the reference line 5 may be in the" 
form of a movable cursor. The line 5 may extend the length of LCD 2 and 
may be placed in the middle of LCD 2. An embossed mark 6 on the frame 
of device 1 which mark 6 extends vertically from LCD 2 and is placed 
approximately 2 millimeters ("mm") to the left of the right edge of the 
viewing area of the LCD 2. Also, provided are a left hand control button 
7 for the LCD, a right hand control button 8 for the LCD, a numerical key 
pad 11, a readout screen 12 on a liquid crystal device ("LCD") 13, a 
readout cell 13A, a Magnification percentage cell 14, a Linear option cell 
15, a Mark option cell 16, a millimeter/inch option cell 17, a parallax option 
cell 18, a directional keys symbol 18a, a control panel 19 with directional 
keys and various function control buttons ("Off," "On," "Go Back," 
"Function," and "Enter/="), and a cross-hair 20. 

As is discussed below (for example in connection with FIG. 9), the 
LCD 13 at times displays a readout screen shown as 12 in FIG. 1 and at 
other times displays a prompt screen (see FIG. 9 for an example of a 
prompt screen under the heading "GLOSSARY & KEY TO SYMBOLS"). 

In FIG. 1, the device 1 is constructed with dimensions suitable for 
the device to be held in a human hand. In the preferred embodiment, the 
length of the device 1 is approximately 177 millimeters ("mm"), the length 
of the visible screen area of LCD 2 is approximately 153 mm, and the 
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width of the device 1 is approximately 91 mm. Different dimensions may 
be used without departing from the scope or the spirit of the invention. In 
the preferred embodiment of FIG. 1 , LCD 2 has only vertical annunciators 
and LCD 13 has pixels. LCD 13 is a standard graphic LCD. Both LCD 2 
and LCD 13 are transparent. A reflective or lighted backing behind LCD 
13 makes the alphanumeric information displayed on LCD 13 easier to 
read. The material used for the frame of device 1 could be any suitable 
material which could be molded or machined. 

LCD 2 could be replaced by a graphic LCD. 

LCD 2 could also be replaced by a mechanical cursor or cursors. 
The mechanical cursor or cursors could be of a type which includes, but 
is not limited to, manually positioned sliding mechanical cursors. For 
example, a mechanical cursor could be operated by a thumb wheel 
coupled to a mechanical linkage, a potentiometer, or a shaft encoder. 

FIG. 2 shows a view of the back of the device 1, a solar cell 21 for 
charging batteries (not shown in the figures) while the device is used on 
a lightbox such as that used for displaying radiographs, the silkscreened 
line 5, left hand cursor 3, and right hand cursor 4. The device could be 
manufactured with low profile rubber pads at the corners of the back of 
the device 1 which would provide some protection against mechanical 
shock to the device 1 and also provide some friction to stabilize the device 
when it is placed on a surface. 
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FIG. 3 shows a view of the upper portion of the side of device 1 , a 
lower portion 1a of the shell of device 1 and an upper portion 1b of the 
shell of device 1. The lower portion 1a and the upper portion 1b may be" 
held together by fasteners or the lower and upper portions may be 
5 manufactured from plastic with snap-fit connectors. 

FIG. 4 shows a side view of the left side of device 1 . On the left of 
FIG. 4 is the area of the LCD 2. On the right of FIG. 4 is the area of the 
numerical key pad 1 1 , and an input/output port 26. The input/output port 
26 may provide for either a hard-wired connection from device 1 to an 
10 external computer or a wireless communication path using infrared or 

some other form of electromagnetic radiation or some other form of 
communication, including, but not limited to, ultrasound. 

FIG. 5 shows a block diagram of the electrical components of the 
device. 

15 FIG. 5 shows a microcontroller 27 connected to the input/output 

port 26 by a link 28, a link 29 connecting microcontroller 27 to an 
inclinometer 30, a link 31 connecting microcontroller 27 to numeric keypad 
11 and control panel 19, a link 32 connecting microcontroller 27 to a 
primary display driver 33, a link 34 connecting primary display driver 33 to 

20 LCD screen 2, a link 35 connecting microcontroller 27 to a secondary 

display driver 36, a link 37 connecting secondary display driver 36 to LCD 
13. Microcontroller 27 is also connected to one or more batteries which 
are inside device 1 and are not shown in the figures. Microcontroller 27 is 
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also connected to solar cell 21 of FIG. 2 which solar cell is not shown in 
FIG. 5. Microcontroller 27 is also connected to left hand cursor control 
button 7 and right hand cursor control button 8 by link 42. Microcontroller 
27 is also connected by link 38 to random access memory 39. 
5 Microcontroller 27 is also connected by link 40 to read only memory 41 

which may be a ROM, EPROM, EEPROM, or other suitable device. 

The primary LCD screen 2 used in the preferred embodiment of 
device 1 is a fixed segment type LCD which may be. inter alia , of the type 
manufactured by DCI, Inc., of Olathe, Kansas. However, any suitable LCD 

10 may be used as the primary LCD 2 of the device. The secondary LCD 

screen 13 used in the preferred embodiment of device 1 is a standard 
graphic type LCD which is generally available. The LCD used for LCD 13 
may be, inter alia, of the type manufactured by Hitachi America, Inc. 
However, any suitable LCD may be used as secondary LCD 13 of the 

15 device. The microcontroller used in the preferred embodiment of device 

1 may be a microcontroller manufactured by Motorola, Inc., Schaumburg, 
Illinois, bearing Motorola part number 68HC11. However, any suitable 
microprocessor may be used. The computer language used to program 
the microprocessor in the preferred embodiment of device 1 is C. A 

20 suitable commercially available compiler is used to compile the source 

code written in C. However, any suitable computer language and compiler 
may be used if the computer language and compiler are compatible with 



WQ9858229 rfile://C:\Documents and Settings\kflanaga\Desktop\W09858229.cpc1 



Page 20 of 98 



WO 98/58229 PCT/US97/10670 

-18- 

and will operate in conjunction with the microprocessor selected for the 
device. 

The inclinometer 30 used in the preferred embodiment of the~ 
device 1 should be one or more DC sensitive accelerometers of the type 
5 manufactured, for example, by Lucas Novasensor, Fremont, California, 

or Analog Devices, Inc., Woburn, Massachusetts. However, any suitable 
angle sensor may be used. It is important that the outputs of the 
inclinometer can be coupled to or read into the microcontroller. It is also 
important that the devices controlling the cursors 3 and 4 and crosshair 20 
,10 be properly linked to the microcontroller. As an alternative to the 

accelerometer, a fluidic inclinometer may be used. For example, the 
inclinometer may be a T2 type inclinometer sold by U.S. Digital Corp., 
17401 ISLE. Stoney Meadows Drive, Vancouver, Washington 98682-5614. 
If the device is used to measure angles in excess of 180 degrees, two 
1 5 accelerometers may be used with one accelerometer placed at right 

angles to the other accelerometer. Alternatively, one accelerometer could 
be used in conjunction with an orientation determining switch such as a 
mercury switch. 

The primary display driver 33 in the preferred embodiment of the 
20 device 1 will have one or more integrated circuits in the display module. 

The primary display driver 33 and the secondary display driver 36 may be 
of any suitable commercially available type or may be custom made. 
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FIG. 6 shows a cross-sectional view of LCD screen 2 with top 
polarized film 38, top glass layer 39, annunciator 40, lower glass layer 41 , 
lower polarized film 42, and the end of line 5 which is scribed into the' 
bottom of lower glass layer 41 . 
5 FIG. 7 is a front view of an enlarged portion of LCD 2 showing a 

vertical annunciator 40. 

FIG. 8 is a front view of an enlarged portion of LCD 2 showing 
pixels 43 in LCD 2 which pixels may be used in an alternative embodiment 
of the device 1. Pixels are also used in graphic LCD 13 shown, for 

10 example, in FIGS. 1 and 5. 

FIG. 9 explains the nomenclature used in FIGS. 10A, 10B, 11A, 
11B, 11C, 11E, 11F, 12, and 13 which are flow charts explaining aspects 
of the operation of the device. The boxes in the upper left of each block 
indicate a button which is pressed by the user of the device or an action 

1 5 taken by the user of the device. The number in the lower left of each block 

is a box identification number. The description at the top of each box 
describes the visual feedback from the device or the function being 
performed by the device. The information which would appear on the LCD 
screen 1 3 after pressing the button(s) or taking the action stated on the 

20 left side of each sub-flow chart is shown in the box on the right of each 

block. The LCD 13 can either display a readout screen as shown in FIG. 
9 or a prompt screen as shown in FIG. 9. When the LCD 13 displays a 
readout screen: 
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1. the readout cell 13a at the top of the LCD 13 screen 
contains information which is selectable and editable; 

2. the magnification percentage cell 14 contains information" 
which is selectable and editable (the number in the magnification cell 14 

5 changes as the magnification of the radiograph or scan being analyzed 

changes); 

3. the linear option cell 1 5, mark option cell 1 6, millimeter/inch 
option cell 17, and parallax option cell 18 are selectable but the data in 
these cells is not editable; 

10 4. the directional keys symbol 1 8a is not selectable or editable. 

A blinking highlight (reversing out or switching the normal 
appearance of black alphanumeric characters on a white background for 
white alphanumeric characters on a black background (which functions in 
the same way as cursors in some text editing programs used with 

15 personal computers)) only appears in the editable data cells (i.e., the 

readout cell 13a, the magnification cell 14, the name data which may 
appear on LCD 13 during the set up mode of the device, and the 
telephone number which also may appear on LCD 13 during the set up 
mode of the device. When the user types or enters an alphanumeric 

20 character, the character appears on the screen and the highlight (or, in 

some text editing programs used with personal computers, a cursor) 
moves to the next space or alphanumeric character. A prompt tells the 
user to perform a specific function. The cursors are two vertical lines 3 
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and 4 on the transparent LCD screen 2. The default position for the left 
cursor is 5 mm from the left edge of LCD screen 2. The default position 
for the right cursor is centered on LCD screen 2. The control buttorr 
symbol is shown at the bottom of FIG. 9. The two control buttons 7 and 8 
5 are used to move the cursors in certain modes of the device. The two 

control buttons are also used in the ANGLE mode (explained below in 
conjunction with FIG. 12) to set angle origins and display angle data. 
SET UP MODE 

FIG. 10A (consisting of sub-flow charts 1, 1A, 1B.1, 1B.2., 1B.3, 
1 0 and 1 C) is a series of flow charts which explain a portion of the operation 

of the Set Up mode of the device. FIG. 10A shows that the if the batteries 
are weak (i.e., the measured potential is less than some pre-determined 
percentage of the maximum charge), the user sees a screen warning 
about low batteries, a screen with information about the owner of the 
15 device (if such information has been entered into the device previously), 

and then a screen with the main menu of the device. FIG. 10A shows that 
the if the batteries are not weak, the user sees a screen with information 
about the owner of the device (if such information has been entered into 
the device previously), and then a screen with the main menu of the 
20 device. 

Sub-flow chart 1A shows that the following message appears on 
LCD screen 13 if the batteries are weak: "ALERT THE BATTERIES ARE 
WEAK, PLEASE REPLACE SOON! PRESS ANY #". The immediately 
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preceding alert message stays on the LCD screen 2 until any button is 
pressed on numeric keypad 11. If information about the owner of the 
device has previously been entered, after any button on the numeric' 
keypad 1 1 is pressed, the device then displays the information shown in 
sub-flow chart 1C. The user presses the FUNCTION key on control panel 
19 to shift from sub-flow chart 1 C to sub-flow chart 1 B.1 (the main MENU). 

Sub-flow chart 1 of FIG. 10A shows that if the batteries are not 
weak then after the "ON" button of control panel 19 is pressed an 
owner/identification message (as shown in sub-flow chart 1C) appears on 
LCD screen 13 if the user has previously provided owner identification 
information. If the user has not provided owner identification information 
then the main MENU sub-flow chart 1B.1 will appear when the ON button 
of the device is pressed. (The owner/identification message is explained 
below with reference to sub-flow charts 1B.1, 1B.2, 1B.3, and 1C of FIG. 
10A. The Main Menu is discussed below with reference to FIG. 10A, sub- 
flow chart 1 B.1 .) The device will shut itself off automatically if no button is 
pressed for six minutes. 

Sub-flow chart 1B.1 of FIG. 10A shows that when the user of the 
device presses the FUNCTION key of control panel 19 the following Main 
Menu appears on the LCD screen 13 under the heading "MENU": 

1 CALIPER 

2 ANGLE 

3 CALCULATOR 
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4 SET UP. 

To select the CALIPER mode, the user presses the "1" key on 
numeric keypad 1 1 (the operation of the CALIPER mode is explained" 
below with reference to FIGS. 11A-11 F). 
5 To select the ANGLE mode, the user presses the "2" key on 

numeric keypad 1 1 (the operation of the ANGLE mode is explained below 
with reference to FIG. 12). 

To select the CALCULATOR mode, the user presses the "3" key 
on numeric keypad 1 1 (the operation of the CALCULATOR mode is 
10 explained below with reference to FIG. 13). 

To select the SET UP function, the user then presses the "4" key 
on the numeric keypad 1 1 (pressing the FUNCTION key of the control 
panel 19 always displays the Main Menu on the LCD screen 2). 

Sub-flow chart 1B.2 of FIG. 10A shows that when the user selects 
1 5 the SET UP screen, the following appears on LCD screen 1 3 under the 

heading "SET UP": 

1 REPOSITION L CURSOR 

2 AUDIO ON/OFF 

3 ENTER OWNER I.D. 

20 PRESS FUNCTION OR GO BACK FOR MENU 

The GO BACK key will return the LCD screen 13 to the 
immediately prior screen. This process continues if the user continues to 
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press the GO BACK key until the most recent appearance of the MAIN 
menu is reached. 

The function of repositioning the left cursor (accessed by pressing' 
the "1" button on numeric keypad 11 of device 1 when the "SET UP" 
screen appears) is explained below with reference to sub-flow charts 
2A.1, 2A.2, 2A.3, 2A.4, 2B.1, 2B.2, 2B.3, and 2B.4 of FIG. 10B. 

The audio selection ("ON" or "OFF") may only be changed when 
device 1 displays the SET UP screen of sub-flow chart 1B.2 on LCD 13. 
Initially, device 1 is set with the AUDIO in the ON state. When the "Audio" 
is "ON," the device emits a beep as each key or control is touched. When 
the "Audio" is "OFF," the device does not emit a beep as each key or 
control is touched. The function of changing the audio selection from "ON" 
to "OFF" (which switching function is accessed by pressing the "2" button 
on numeric keypad 1 1 of device 1 when the "SET UP" screen appears (as 
shown in sub-flow chart 1B.2)) is accomplished by using the left and right 
arrow keys of control panel 19. If the Audio is in the "ON" state, the user 
switches to the "OFF" state by pressing the right arrow directional key and 
then "ENTER" on control panel 19. If the Audio is in the "OFF" state, the 
user switches to the "ON" state by pressing the left arrow directional key 
and then "ENTER" on control panel 19. 

To display the owner identification input screen (as shown in sub- 
flow chart 1B.3) on LCD screen 13, the user presses the "3" key on 
numeric keypad 11 when the SET UP screen of sub-flow chart 1B.2 
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appears on LCD 13. The owner identification input screen (of sub-flow 
chart 1 B.3) may only be entered immediately after device 1 displays the 
SET UP screen of sub-flow chart 1 B.2 on LCD 13. 

Sub-flow chart 1B.3 of FIG. 10A, shows that the owner 
5 identification screen consists of the following message: 

ENTER OWNER I.D. 
INPUT NAME & TEL# 
ABCDEFGHIJKLMNOPQR 

STUVWXYZ1234567890(an empty rectangle indicating a space)(a period) 
1 0 DONE (a symbol representing the directional keys) 



L__)-_„- 

Each letter of the user's name and each number of the user's 
telephone number is selected by using the directional keys of the control 

15 panel 19 to position the blinking highlight over the letter or number to be 

selected and then pressing the "ENTER" button on the control panel 19. 
The maximum length of the user's name is 20 characters. As each 
alphanumeric character is selected, device 1 places the selected 
character in the next available position on the owner identification input 

20 screen. If a letter is selected after the line for the user's name has been 

completed, the letter will not be entered in the telephone number. Only 
numbers will be entered by device 1 on the telephone number line of the 
owner identification input screen. When the entire name and telephone 
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number have been selected (character by character) and appear on LCD 
screen 1 3, the user selects "DONE" (by placing the highlight over "DONE" 
on the owner identification screen) and presses "ENTER" to complete' 
entry of the name and telephone number in the memory of device 1 . The 
5 user may delete an entire name or telephone number by positioning the 

highlight on any alphanumeric character in the previously selected name 
or telephone number and pressing the "C/CE" button of numeric keypad 
1 1 to remove one character at a time. After a character has been selected 
for each of the available spaces in the owner identification screen, device 

10 1 displays the owner identification message as shown in sub-flow chart 

1C. The user then presses the "FUNCTION" key of control panel 19 to 
return to the MAIN menu (shown in sub-flow chart 1B.1). 

If owner identification information (e.g., Dr. John Smith, (415) 776- 
6348) has been stored in the device, then the following owner 

1 5 identification message screen appears on LCD 1 3 when the "ON" button 

is pressed to start the device: 
THIS EXCALIPER 
BELONGS TO 
DR. JOHN SMITH 

20 (415)-776-6348 

FUNCTION FOR MENU 
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The user continues by pressing the "FUNCTION" key of control 
panel 19 to cause the main MENU (shown in sub-flow chart 1B.1) to 
appear on LCD screen 13. 

If the user does not input any owner identification information and 
5 the batteries are not weak, then the function MENU of sub-flow chart 1 B.1 

is the first screen of information to appear on LCD screen 13 after the 
device 1 is activated. As discussed above, if the batteries are weak, a 
message about the battery state (as shown in sub-flow chart 1A) will 
appear before the owner identification message (shown in sub-flow chart 
10 1C). 

FIG. 10B (consisting of sub-flow charts 2A.1, 2A.2 t 2A.3, 2A.4, 
2B.1, 2B.2, 2B.3, 2B.4, and, for continuity, 3B.2) shows the second of two 
flow charts explaining the operation of the Set Up mode of the device. The 
function of repositioning the left cursor is accomplished in the SET UP 
15 mode as discussed below with respect to FIG. 10B. 

Sub-flow chart 2A.1 shows that depressing the "4" key on the 
numeric keypad 1 1 selects the SET UP menu as shown in sub-flow chart 
2A.2. 

Sub-flow chart 2A.2 shows that depressing the "1" key on the 
20 numeric keypad 11 selects the prompt for "REPOSITION L CURSOR" 

(reposition left cursor) as shown in sub-flow chart 2A.3 

Sub-flow chart 2A.3 shows that the user uses the left hand cursor 
control button 7 and right hand cursor control button 8 to reposition the left 
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cursor 3 to its new default position a distance of, for example, 5 mm to the 
right on the LCD 2. The user then presses the "ENTER" button which 
enters the new default position for the left cursor 3. After pressing the' 
"ENTER" button, the device 1 returns the user to the MAIN menu screen 
5 as shown for example, in sub-flow chart 2A.4. The initial default position 

for the left cursor 3 is 5 millimeters ("mm") to the right of the left edge of 
LCD screen 2. The beginning default position for the left cursor may be 
anywhere between the width of three pixels or three annunciators to the 
right of the left edge of LCD screen 2 and the width of three pixels or three 

10 annunciators to the left of the vertical centerline of LCD screen 2. In the 

SET UP mode, only the left cursor is active. In the SET UP mode, 
pressing the left hand cursor control button 7 moves the left cursor 3 to 
the left. In the SET UP mode, pressing the right hand cursor control button 
8 moves the left cursor 3 to the right. The initial default position Jor the 

1 5 right cursor 4 is the vertical centerline of LCD screen 2. In all modes other 

than the SET UP mode, only the right cursor 4 is active. When the right 
cursor is active, pressing the left hand cursor control button 7 moves the 
right cursor 4 to the left and pressing the right hand cursor control button 
8 moves the right cursor 4 to the right. 

20 The effect of moving the left cursor 3 a distance of 5 mm to the 

right while the right cursor 4 stays in a constant position is to reduce the 
inter-cursor spacing. The effect of changing the inter-cursor spacing may 
be seen in, for example, the CALIPER mode of device 1 which is shown 
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beginning in the immediately following paragraph below with respect to 
FIGS. 11A - 11F. If ? as shown in FIG. 10B on sub-flow chart 3B.2, the 
inter-cursor spacing is 52.12 mm, then selecting the SET-UP mode (sub- " 
flow chart 2B.1), selecting the REPOSITION LEFT CURSOR option (sub- 
5 flow chart 2B.2), and repositioning the left cursor 5 mm to the right (sub- 

flow chart 2B.3) while maintaining the position of the right cursor 4 will 
result in a new spacing of 47.12 mm as shown on LCD 13. 
CALIPER MOPE 

FIG. 11A (consisting of sub-flow charts 3, 3A.1, 3A.2, 3A.3, 3B.1, 

10 and 3B.2) shows the first of five flow charts explaining the operation of the 

Caliper mode of the device. As mentioned above (FIG. 10A, sub-flow 
chart 1B.1), to select the CALIPER function, the user presses the "1" key 
on numeric keypad 1 1 when the device 1 displays the main MENU. If the 
batteries are not weak and the user identification information has not been 

15 entered, the main MENU will display automatically when the device 1 is 

switched on by pushing the "ON" button. If the batteries are not weak and 
the user identification information has been entered, the user identification 
information will display automatically when the device 1 is switched on by 
pushing the "ON" button. 

20 Sub-flow chart 3 shows that in the Caliper mode, two basic options 

are available. These options are Calculate Magnification From X-ray 
(selected by pressing number "1" on the numeric keypad 11) and User 
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Defined Magnification (selected by pressing number "2" on the numeric 
keypad 11). 

Sub-flow chart 3A.1 shows that in the Calculate Magnification From " 
X-ray mode, the user enters the known dimension of a radio-opaque 
5 marker or an implanted device appearing in a radiograph or scan. An 

example of 32 mm is shown in the readout cell 13a. In this case, 32 mm 
is the width of the marker being used and this width is entered by pressing 
the keys on the numeric keypad 11 for "32.00" and then pressing the 
Enter key on the control panel 19. 
1 0 Sub-flow chart 3A.2 shows that the user must then: 

1. place the device 1 on the radiograph or scan (it is 
understood that the back of the device should be in contact with the 
radiograph or scan and the plane of the back of the device should be 
essentially parallel to the plane of the radiograph or scan in a manner 

15 which allows the user to look through LCD 2 and view the radiograph or 

scan); 

2. place the left cursor 3 on the leftmost edge of the 
marker on the radiograph or scan which marker is observed by looking 
through the transparent LCD 2 to the ; 

20 3. place the right cursor 4 on the rightmost edge of the 

marker on the film; and 

4. press the ENTER button on control panel 1 1 . 
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Sub-flow chart 3A.3 shows a magnification percentage of 123% in 
the Magnification cell 14 which percentage has been calculated by the 
software and microprocessor 27 in device 1 using the inputs of the known ' 
size of the marker (32 mm) and the positions of the cursors 3 and 4. This 
5 means that the measurements of the objects whose images appear on the 

radiograph must be divided by 123% to determine the objects' actual 
measurements. In all cases (including the case of scans which may have 
an image size less than actual size), the image size is divided by the 
magnification percentage to determine the actual object size. The user 
,10 can then use device 1 to measure other features of interest on the 

radiograph. Once the cursors are placed at the opposing ends of the 
distance to be measured, the device 1 (knowing the appropriate 
magnification percentage for the radiograph) can provide a readout in 
readout cell 13a on LCD 13 of the actual distance being measured. 

1 5 If LCD screen 2 is comprised of annunciators, each cursor is three 

(3) annunciators wide. For calculation purposes, the position of the left 
cursor 3 is the rightmost annunciator of the three annunciators which form 
the cursor. For calculation purposes, the position of the right cursor 4 is 
the leftmost annunciator of the three annunciators which form the cursor. 

20 If LCD screen 2 is comprised of pixels, each cursor is three (3) pixels 

wide. For calculation purposes, the position of the left cursor 3 is the 
rightmost column of pixels of the three columns of pixels which form the 
cursor. For calculation purposes, the position of the right cursor 4 is the 
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leftmost column of pixels of the three columns of pixels which form the 
cursor. 

Sub-flow chart 3A.3 also shows that the highlight is on the Linear 
option cell 15 which means that the device 1 is ready to measure a 
5 distance longer than the device 1 . 

Sub-flow chart 3B.1 shows that the device allows for a User- 
defined Magnification which is selected by pressing "2" on numeric 
keypad 1 1 after device 1 enters the CALIPER mode (as shown in sub-flow 
chart 3). After selecting User-defined Magnification, the user can enter a 
1 0 user-defined magnification percentage (the example shown is for 123%) 

by pressing "123" on numeric keypad 11 and the "ENTER" key on control 
panel 19. 

Sub-flow chart 3B.2 shows the user selected magnification 
percentage of 123% appears in the Magnification percentage cell 14. Sub- 
15 flow chart 3B.2 also shows that the device 1 has divided the distance 

between the cursors by 123% to determine the actual distance (shown in 
the example as 52.12 mm) represented by the current inter-cursor 
spacing. 

At least one of the readout cell 13a and the Magnification 
20 percentage cell 14 must have a value at all times. Thus, the user must 

first clear and input a new value into one of the cells 13a or 14 and then 
do the same for the other cell 14 or 13a. 
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Whetherthe user selects "Calculate Magnification From X-Ray" or 
"User Defined Magnification," LCD screen 13 will return to the screen 
shown in sub-flow chart 3B.2 or 3A.3 (which is the same screen as the'" 
screen shown in sub-flow chart 3B.2 but with different values). 

FIG. 11B (consisting of sub-flow charts 4A.1, 4A.2, 4A.3, 4B.1, and 
4B.2 plus a repeat for continuity of sub-flow chart 3B.2 from FIG. 1 1A) 
shows the second of five flow charts explaining the operation of the 
Caliper mode of the device. 

Sub-flow chart 4A. 1 shows a means for fast cursor positioning. The 
user first moves the highlight from the previous position in the Linear 
option cell 15 (as shown in sub-flow chart 3B.2) to a new position in 
readout cell 13a. The user moves the highlight by using the directional 
keys (in this case the "UP" directional key) on control panel 19. When the 
highlight is placed in readout cell 13a, the highlight appears over the 
rightmost digit. The user may move the highlight in readout cell 13a by 
using the right and left directional keys on control panel 19. Pressing the 
right directional key moves the highlight to the right and pressing the left 
directional key moves the highlight to the left. The user then presses the 
"C/CE" key on numeric keypad 1 1 which clears the entry in readout cell 
13a. The user then enters the desired spacing of the cursors (that is, the 
user wants the inter-cursor spacing to reflect an actual distance (as 
opposed to a distance on a radiograph or scan)) which spacing in the 
example shown is 30 mm. The user enters (in the example shown) a new 
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object size (or actual distance) of 30 mm by pressing "30.00" on numeric 
keypad 11 and "ENTER" on control panel 19. The number in the 
Magnification percentage cell 14 remains the same. When the number" 
in the readout cell 13a of LCD 13 is changed, the right hand cursor moves 
5 to a position set by the new number in the readout cell 13a and the 

number in the Magnification percentage cell 14. To change the number in 
the readout cell 1 3a, the user must move the movable highlight (shown in 
sub-flow chart 4A.1 over the last digit in the readout cell 13a) to the digit 
the user wishes to change. The movable highlight is moved using the 

10 directional keys on the control panel 19. 

After the movable highlight is placed in the cell the user wishes to 
change, sub-flow chart 4A.2 shows that to clear the number entered in the 
readout cell the user must press the Clear/Clear Entry ("C/CE") key on 
numeric keypad 11. If the "C/CE" button is pressed, the highlight will 

15 begin to blink to prompt the user to enter a new value in readout cell 1 3a. 

Alternatively, the user can place the movable highlight over the digit the 
user wishes to change and change the digit by pressing a new number on 
numeric keypad 1 1 . After a new digit is entered, the highlight moves one 
digit to the right. The highlight will skip over the decimal point when the 

20 digit to the immediate left of the decimal point is changed. 

Sub-flow chart 4A.3 shows that after entering a new number in the 
readout cell 13a the user must press the "Enter" key to complete the 
change of the number in the readout cell 13a. After the new number is 
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entered, the right cursor will adjust its position to the new number and 
percentage magnification and the readout cell 13a and magnification 
percentage cell 14 will display the new information. 

Sub-flow chart 4B.1 shows that the first step in converting the units 
5 in the readout cell 13a from millimeters to inches is to use the directional 

keys on control panel 19 to position the movable highlight over the 
Millimeter/Inches option cell 17. 

Sub-flow chart 4B.2 shows that the second and last step in 
converting the units in the readout cell 13a from millimeters to inches is 

10 to press the "Enter" key in the control panel 19. When the movable 

highlight is positioned over the Millimeter/Inches option cell 17, each time 
the "Enter" key in the control panel 19 is pressed, the units in the readout 
cell 13a change (that is, pressing "Enter" changes the units in the readout 
cell 13a from millimeters to inches or from inches to millimeters). When 

15 the "ENTER" key is pressed, the highlight returns to the Linear option cell 

15 and the new unit of measurement selected (millimeters or inches) 
appears in readout cell 13a. The default unit of measurement is 
millimeters. 

At any time, the user can switch modes by pressing the Function 
20 key on the control panel 19 to return to the Main menu and then selecting 

a new function. 
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FIG. 11C (consisting of sub-flow charts 5A.1, 5A.2, 5A2.1, 5B.1, 
5B.2, and, for continuity, 3B.2) shows the third of five flow charts 
explaining the operation of the Caliper Mode of the device. 

Sub-flow chart 5A.1 explains how the user can begin to change the 
5 value in the magnification percentage cell 14. First, the user uses the 

directional keys on control panel 19 to move the highlight to magnification 
percentage cell 14. When the highlight is first placed on the magnification 
percentage cell, the highlight is on the rightmost digit. The highlight can 
then be moved within the cell by using the right and left directional keys 
10 on control panel 19. In the example shown, the highlight is placed on the 

middle digit in the magnification percentage cell 14. The user can change 
the number in the magnification percentage cell 14 by pressing the "C/CE" 
key and the keys for the new number on the numeric keypad 14 or by 
replacing the digits in magnification percentage cell 14 one at a time. In 
15 either case, after the new number is in the magnification percentage cell 

14, the user must press "Enter" on control panel 19. In the example 
shown, the magnification percentage is changed from 123% to 116%. 

Sub-flow chart 5A.2 shows that the readout cell 13a readjusts to 
account for the new magnification percentage. The cursors are the same 
20 distance apart in sub-flow chart 5A.1 and 5A.2. 

Sub-flow chart 5A.2.1 shows that the user may press the "GO 
BACK" key on the control panel 19 to return to previous screens within 
the CALIPER mode until reaching the main MENU screen. 
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Sub-flow chart 5B.1 shows that the user may select the MARK 
function by using the directional keys on the control panel 19 to move the 
highlight to the MARK cell 16 on the graphic LCD 13 and then pressing' 
the "ENTER" button on control panel 19. When the MARK function is 
5 selected, a third or mark cursor 3A appears in the location previously 

occupied by the right cursor 4 and the right cursor moves 5 mm to the 
right of its original location just before the MARK function was selected (as 
shown in FIG. 1 1 D). The readout cell 13A will then show the total distance 
from the left cursor 3 to the right cursor 4 and the mark distance from the 

10 left cursor 3 to the mark 3A. The mark distance is followed by a "5" to 

show the mark cursor to right hand cursor spacing of 5 mm. 

Sub-flow chart 5B.2 shows that while using the MARK function in 
the Caliper mode the user may press the "C/CE" key on the numeric 
keypad 1 1 to end use of the MARK function and remove the mark cursor 

15 3A from LCD screen 2. When the device 1 is returned from the MARK 

mode to the CALIPER mode, the mark cursor 3A will vanish from the LCD 
screen 2 and the readout in the readout cell 13A will be the total distance 
from the left cursor 3 to the right cursor 4 in its new position. 

FIG. 1 1D shows the device 1 with LCD screen 2 as it appears in 

20 the MARK mode with the generated mark cursor 3A between the left 

cursor 3 and the right cursor 4. FIG. 11D also shows embossed mark 6, 
left hand cursor control button 7 t and right hand cursor control button 8. 
The mark cursor 3A may be blinking. 
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FIG. 11 E (consisting of sub-flow charts 5C.1, 5C.2, and 5C.3) 
shows the fourth of five flow charts explaining the operation of the Caliper 
Mode of the device. Sub-flow chart 5C.1 shows the beginning of an" 
alternative procedure to use the device 1 to determine a linear distance 
once the magnification percentage is known and if LCD 2 uses pixels 
instead of annunciators. Instead of moving the cursor, the user moves a 
crosshair 20 to one side of an object seen through the transparent LCD 
screen 2 and presses "ENTER" on the control panel 19. This method may 
also be used if LCD screen is comprised of annunciators. If annunciators 
are used, the right hand cursor 4 would be used instead of crosshair 20. 

Sub-flow chart 5C.2 shows the second step which is moving the 
cross-hair 20 to the other side of the object or distance to be measured 
and again pressing "ENTER" on the control panel 19. 

Sub-flow chart 5C.3 shows that the actual distance being measured 
(not the distance on the radiograph for example but the actual distance 
represented by the X-ray image) is shown in the readout cell 13a. 

FIG. 11F (consisting of sub-flow charts 6A.1, 6A.2, 6A.3, 6A.4, 
6B.1, 6B.1.1 6B.2.1, 6B.2.2 and, for continuity, 3B.2) shows the fifth of 
five flow charts explaining the operation of the Caliper mode of the device. 

A parallax error in measurement from X-ray films occurs due to the 
fact that different body parts may be at different distances from the 
unexposed X-ray film prior to exposure. For example, when making an X- 
ray image of a leg, the proximal portion of the femur may be farther from 
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the unexposed X-ray film than the distal portion of the tibia because the 
femur is surrounded by more soft tissue than the tibia. The X-ray film 
records the shadow of a bone. The shadow width increases with" 
increasing distance from the bone to the X-ray film. Thus, a correction 
5 must be made for the fact that the same width radio-opaque objects which 

are at different distances from an X-ray film will appear on the developed 
film as having different widths. Thus, a correction must be made for this 
parallax error. The correction, in this embodiment of the device 1 , is to use 
as the magnification percentage for an entire radiograph, for example, the 

1 0 average of the magnification percentages calculated from known markers 

at opposite ends of the object portrayed on the radiograph. Alternative 
corrections could be calculated by using the arithmetic average of the 
magnification percentages calculated from more than two markers. 

Sub-flow chart 6A. 1 shows the appearance of LCD screen 1 3 when 

15 the PARALLAX function of the CALIPER mode has been selected. The 

default position of the highlight among cells 15-18 of LCD 13 is on the 
LINEAR cell 15. When the device 1 enters the CALIPER mode even 
though the highlight is on LINEAR, the LINEAR function has not been 
selected. To select the LINEAR function, the user must press "ENTER" 

20 on control panel 19 when the highlight is on LINEAR cell 15. The 

PARALLAX option appears whenever the LINEAR function is selected. 
With the device 1 in the CALIPER mode and with the LINEAR function 
selected, the user selects the PARALLAX sub-function of the LINEAR 
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function by using the directional keys on the control panel 19 to place the 
movable highlight on the PARALLAX cell 1 8 and then pressing "ENTER" 
on control panel 19. 

Even before entering the PARALLAX sub-function, the user has 
5 determined the magnification percentage as shown by a known marker in 

one position on, for example, a radiograph (as discussed in connection 
with FIG. 11A above). 

Sub-flow chart 6A.2 shows that the next step in correcting for the 
parallax error is to input an actual linear measurement of a marker in a 

m 

9 10 second position on, for example, a radiograph and to press "ENTER" on 

the control panel 19. In the example shown the actual width of the second 
marker is 32 mm. 

Sub-flow chart 6A.3 shows that cursors appear in default positions 
on LCD screen 2 and directs the user to use the cursors to measure the 
1 5 marker distance as shown on, for example, a radiograph. The user then 

uses the control buttons 7 and 8 to place the left-hand cursor 3 on the left 
side of the second marker and the right-hand cursor 4 on the right side of 
the second marker and presses "ENTER" on the control panel 19. 

Sub-flow chart 6A.4 shows that the average magnification (the 
20 arithmetic average of the magnification needed to measure accurately the 

first marker and the magnification needed to measure accurately the 
second marker) now appears in the magnification percentage cell 14. The 
readout cell 13a shows the actual distance being measured which has 
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been corrected by the average magnification percentage now shown in 
the magnification percentage cell 14. The device returns to the CALIPER 
mode and the highlight is in its default position over LINEAR cell 15.*" 
Because LINEAR is no longer an active function, the word "PARALLAX" 
5 no longer appears in PARALLAX cell 18. 

Sub-flow chart 6B.1 shows how the user may measure distances 
which exceed the maximum distance between the cursors 3 and 4 of LCD 
screen 2 of device 1. The measurement is made using the LINEAR 
function of the CALIPER mode. The method of selecting the LINEAR 

10 function was explained above in connection with the discussion of sub- 

flow chart 6A.1 of FIG. 11F. Upon selecting the LINEAR function in the 
CALIPER mode, left cursor 3 is in the default position 5 mm to the right of 
the left edge of LCD screen 2 and right cursor 4 is aligned with embossed 
mark 6 near the extreme right edge of LCD screen 2. Readout cell 13a 

1 5 displays the total distance actually represented by the inter-cursor spacing 

at the current magnification percentage as shown in the magnification 
percentage cell 14. 

Sub-flow chart 6B.1.1 shows that if at any time while using the 
LINEAR function the user presses the "C/CE" button on the numeric 

20 keypad 1 1 , the cursor positions would not change, the readout cell 13a 

will display the typical readout showing the inter-cursor spacing, the 
device 1 will leave the LINEAR function and the light disappears from the 
PARALLAX option cell 18. 
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Sub-flow chart 6B.2.1 shows that after the first full screen 
measurement is taken as shown in sub-flow chart 6B.1, the user moves 
the device so the left cursor 3 coincides with the immediately prior position" 
of the right cursor 4. The user then presses the ENTER button on the 
control panel 19 and the device 1 calculates a cumulative distance (the 
sum of the full length measurement as shown in sub-flow chart 6B.1 and 
the full length measurement as shown in sub-flow chart 6B.2.1) and 
displays this cumulative distance in the readout cell 13a. The user may 
repeat the procedure of sub-flow chart 6B.2.1 to measure even longer 
distances or the user may use cursor buttons 7 and 8 as discussed below 
with respect to sub-flow chart 6B.2.2 to measure the last segment of the 
total distance which last segment is a distance less than the inter-cursor 
spacing when the cursors are in their LINEAR mode default positions. 

Sub-flow chart 6B.2.2 shows that the user may use the control 
button 7 to move the right cursor 4 to the left and thus measure a last 
segment less than the full LINEAR mode default inter-cursor spacing. 
When the user stops pressing cursor control button 7, device 1 displays 
the final distance measured in readout cell 13a, exits the LINEAR 
function, and returns to CALIPER mode but the final distance measured 
will remain in readout cell 13a. If the user wishes to change the final 
measurement, the user may press cursor control button 7 or 8 to move 
the cursor to the appropriate position. As the cursor moves, the 
appropriate total distance will appear in readout cell 13a. As discussed 
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above with respect to sub-flow chart 6B.1.1 , if the user wishes to restore 
the reading in readout cell 13a to show the full LINEAR mode default 
inter-cursor spacing (as opposed to the total distance which has been~ 
measured using the LINEAR function), the user presses the "C/CE" button 
on the numeric keypad 1 1 , the cursor positions would not change and the 
readout cell 13a will display the typical readout showing the inter-cursor 
spacing. The inclinometer may be used to insure that the distance greater 
than the width of the device is measured in a straight line. 
ANGLE MODE 

FIG. 12 (consisting of sub-flow charts 7.1, 7.2, 7.3, 7.4, 7.4.1, and 
7.4.2) shows a flow chart explaining the operation of the ANGLE mode of 
the device. As mentioned above, to select the ANGLE mode, the user 
presses the "2" key on numeric keypad 1 1 when the device 1 displays the 
main MENU. 

The ANGLE mode provides the function of a goniometer which is 
an instrument for measuring angles. In the medical profession, a 
goniometer is used, for example, to measure the shaft-neck-head angle 
of a femur. Such a measurement can be used to determine, for example, 
the angle of an implant used to repair a fractured femur. Sub-flow 
chart 7.1 shows that the user presses M 2 ,, on the numeric keypad 11 to 
select the ANGLE mode when the device 1 is displaying the main MENU 
on LCD screen 2. 
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Sub-flow chart 7.2 shows that the user begins to measure an angle 
by placing the horizontal scribed centerline 5 of the LCD screen 2 along 
one side of the angle and pressing the left control button 7 which sets the" 
origin for measuring the angle and sets the first side of the angle. 
5 As shown in sub-flow chart 7.3, as soon as the left control button 

7 is pressed, the readout cell 13a reads 0 degrees (0°) on the left side and 
180° on the right side. The user then moves the centerline of LCD screen 
2 to the other side of the angle being measured and presses the right 
control button 8. 

10 Sub-flow chart 7.4 shows that after moving the device 1 

counterclockwise the centerline is set on the other side of the angle being 
measured and the right control button 8 is pressed, the current angle 
measurements are shown in the readout cell 13a. 

If the device 1 is moved counterclockwise, the angle reading shown 

1 5 on the left is the angle through which the device 1 was moved. The angle 

reading shown on the right is the complement of the angle reading on the 
left of readout cell 13A. The sum of the two angles will always be 180° 
degrees. 

If the device 1 is moved clockwise, the angle reading shown on the 
20 right is the angle through which the device 1 was moved. The angle 

reading shown on the left is the complement of the angle reading on the 
right of readout cell 13A. The sum of the two angles will always be 180° 
degrees. 



WQ9858229 ffile://C:\Documents and Sertinqs\kflanaga\Desktop\WQ9858229.cpc] Page 47 of 98 

WO 98/58229 PCT/US97/10670 

-45- 

Sub-flow chart 7.4.1 shows that by pressing the "GO BACK" button 
on the control panel 19, the user may return to the main MENU. 

Sub-flow chart 7.4.2 shows that alternatively, the user may press 
"1" directly on the numeric keypad to return to work in progress in the 
5 CALIPER mode as shown in sub-flow chart 3B.2. 

CALCULATOR MODE 

FIG. 13 (consisting of sub-flow charts 8.1 and 8.2) shows the single 
flow chart explaining the operation of the Calculator mode of the device. 
As mentioned above, to select the CALCULATOR mode, the user presses 
1 0 the "3" key on numeric keypad 1 1 when device 1 displays the main Menu. 

Sub-flow chart 8.1 shows that the CALCULATOR mode is selected 
from the main MENU by pressing "3" on numeric key pad 1 1. 

Sub-flow chart 8.2 shows that a typical ten digit calculator appears 

15 on LCD screen 13. The calculator can be controlled by using numeric 

keypad 11 and control panel 19 which has symbols for addition, 
subtraction, multiplication, and division on the directional keys on the 
control panel 19. In the CALCULATOR mode, the mathematical symbols 
are activated rather than the directional keys when the buttons are 

20 pressed. For example, in the Calculator mode, when the control panel 

button for upward motion is pressed, the addition function is activated. To 
select another function, the user presses the "FUNCTION" key on the 
control panel 19. 
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Additional features which include, but are not necessarily limited to 
templating, implant selection, and implant tracking may also be 
incorporated into the device. 
IMPLANT TEMPLATING MODE 

It is sometimes useful prior to an operation to place an implant in 
a living body to have a template of the orthopaedic device which will be 
implanted in a living body. Uses of the template include, but are not 
necessarily limited to, placing the template over a radiograph of the 
template's intended location to determine whether the template is of the 
appropriate size. 

In the templating mode, the device would prompt the user to select 
among templates intended for implants designed to resolve problems in 
the hip, knee, spine, or other areas of the body (e.g., general trauma or 
trauma to the face). The device would then prompt the user to make 
appropriate measurements needed to design an appropriate template. For 
example, measurements of various bones in the hip area would be 
needed to design a template for a hip implant The device would then 
prompt the user to select the appropriate type of implant (e.g., screw, pin, 
plate, rod, or other). The device would then prompt the user to select sizes 
for the previously selected type of implant. The device would then project 
a template on LCD 2. The template could then be hand-adjusted using the 
cursor and cross-hair functions of the device to locate precise features of 
the template at precise points on a radiograph. All necessary information 



WO 98/58229 



PCT/US97/10670 



-47- 

could be stored in the device 1 . The device 1 could then be connected to 
a peripheral device which would produce a transparent or other template 
which could be used in conjunction with a radiograph or other scan. If LCCT 
2 is a graphic or dot matrix LCD, then a template whose size does not 
exceed the size of LCD 2 may be shown on LCD 2. 

Alternatively, measurements made by the device 1 could be 
communicated to a computer through input/output port 26. The computer 
using basic information (for example, template type and size) would then 
use one or more peripheral devices to produce a transparent template 
which could be placed over a radiograph of the body portion where the 
implant will be placed. 
IMPLANT SELECTION MODE 

It is necessary prior to an operation to place an implant in a living 
body to select the appropriate type and size of implant which will be 
implanted in a living body. 

In the implant selection mode, the device 1 can prompt the user to 
provide the necessary information for patient implant matching or 
selection. The necessary information includes, but is not necessarily 
limited to the type of implant (custom or standard), the age of the living 
body, the weight of the living body, the lifestyle of the living body (for 
example, sedentary, ambulatory, very active), the general health of the 
living body, the bone stock index, the type of implant (for example, hip, 
knee, face, or spine), the material to be used (for example, plastic, metal, 
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with cement, cementless. All of the information about available implant 
types can be stored in the device 1. The device 1 can be used to make 
measurements needed in the implant selection process. 

For example, in determining the bone stock index for a hip implant 
5 is it is necessary to measure the inner and outer diameters of the femur 

5 centimeters ("cm") distal to the proximal aspect of the lesser trochanter. 

After all necessary measurements and information needed to 
select an implant is entered into the device, the device can select the 
appropriate type of implant and display on LCD 13 the relevant 
10 characteristics (for example, the implant manufacturer's name, the part 

number, size, and material) of the selected implant. 

Alternatively, the device 1 may be used to make the needed 
anatomical measurements and the measurements may be communicated 
to an external computer through input/output port 26. The other necessary 
1 5 information (for example, implant material) could be provided from device 

1 or could already be stored in or accessible to the external computer. 
IMPLANT TRACKING MODE 

It is useful after placing an implant in a living body to have a record 
of the performance of the implant in the body and of the interaction of the 
20 body with the implant. 

The Implant Tracking mode of the device can be used post- 
operatively to collect various data on the initial placement of an implant. 
The data may then be stored in the device 1 or communicated (through 
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input/output port 26) to a computer (including, but not necessarily limited 
to, a personal computer) and the initial post-operative data would serve 
as a benchmark for future analysis of radiographic changes, such as" 
radiolucency, osteolysis, and heterotopic bone. The necessary 
5 calculations may be made either in the device 1 , in an external computer, 

or partially in device 1 and partially in an external computer or computers. 

When the IMPLANT TRACKING MODE is selected, the device 1 
prompts the user to make various anatomical measurements which are 
used in implant tracking. For example, with respect to a hip implant, 

10 measurements would be made of the trochanter to shoulder distance, of 

the acetabular angle, of the distal diameter in the anterior-posterior 
direction, and of the distal diameter in the medial-lateral direction. The 
IMPLANT TRACKING MODE may be used with respect to any type of 
radio-opaque implant whose performance is being tracked. 

15 An alternative embodiment of the device 1 would allow use of just 

one cursor plus the embossed mark 6. 

Another embodiment of the device 1 would allow use of one or 
more cursors to define the sides and vertex of angles which are being 
measured. Another embodiment of the device would allow use of a cross- 

20 hair or cross-hairs either alone or in conjunction with one or more cursors 

to define the sides and vertex of an angle which is being measured. 
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Another embodiment of the device would allow use of three or 
more cursors. Another embodiment of the device would allow use of more 
than one mark cursor. 

Another embodiment of the device would allow use of a trackball 
5 or other cursor control device to move a cursor and/or a cross-hair on an 

LCD screen. 

Another embodiment of the device would allow use of a manually 
positioned sliding mechanical cursor or cursors in place of LCD 2. 

The foregoing sets forth only one embodiment and alternative 
1 0 embodiments of a measuring device. Obviously, other embodiments can 

be designed within the scope of this invention. 

It is to be understood that while the various aspects of the invention 
have been described above with respect to their preferred embodiments 
other embodiments within the scope and spirit of this invention are 
15 possible. 

For example, while not shown in the drawings which are attached 
to and which form a part of this application, it is possible with 
modifications within the scope of this invention to have a device which is 
not hand-held. 

20 By way of further example of modifications within the scope of this 

invention, the device could be made using materials or parts other than 
those discussed or shown in this application. 
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By way of further example of modifications within the scope of this 
invention, the device could have a size or shape different than those 
discussed or shown in this application. 

By way of further example of modifications within the scope of this 
invention, liquid crystal device 2 could be either an active matrix device or 
a passive matrix device. 

By way of further example of modifications within the scope of this 
invention, the link from the input/output port to the external computer or 
a peripheral device could be electromagnetic radiation which is not 
transmitted by wire (for example, radio, microwave, or infrared). 

By way of further example of modifications within the scope of this 
invention, the link from the input/output port to the external computer or 
a peripheral device could be by a means other than electromagnetic 
radiation (for example, ultrasound). 

By way of further example of modifications within the scope of this 
invention, the cursors could be controlled by a joy stick, trackball, mouse 
(for example, but not by way of limitation, of the type used with a desktop 
or portable computer), or other electro-mechanical control means rather 
than the control buttons 7 and 8 or the directional keys on the control 
panel 19. 

By way of further example of modifications within the scope of this 
invention, the device could have only one cursor. In this embodiment, all 
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distance measurements would be made between a fixed point (for 
example, the left edge of LCD screen 2) and a movable cursor. 

By way of further example of modifications within the scope of this' 
invention, the device could have one annunciator or pixel per cursor and 
5 not a plurality of annunciators or pixels per cursor. 

By way of further example of modifications within the scope of this 
invention, the device could have one graphic LCD instead of a primary 
LCD and a secondary LCD. In an embodiment with just one LCD, the 
measurements and prompts would be displayed on the same screen as 
10 the cursors. 

By way of further example of modifications within the scope of this 
invention, the device could use directions on the LCD screen 13 other 
than those shown in the examples given above. For example, distances 
and angles between anatomical features other than those mentioned 
15 above could be used in various modes of the device (including, but not 

limited to, the IMPLANT TEMPLATE MODE, the IMPLANT SELECTION 
MODE, and the IMPLANT TRACKING mode). 

By way of further example of modifications within the scope of this 
invention, the device in either a hand-held size or a larger size could be 
20 mounted on a light box of the type used to view radiographs or other 

scans. The controls could be either on the device or detached from the 
device. For example, while light boxes are usually at eye level, the cursor 
controls in the form of directional keys, a trackball, a joystick, a mouse, or 
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some other control means could be mounted at hand or foot level or some 
other level and the cursor control means could be in communication with 
the cursors on the device. 

By way of further example of modifications within the scope of this 
5 invention, the device could be embodied in a large transparent LCD with 

a touch sensitive surface or screen which would produce a virtual 
keyboard and appropriate keys on the screen when the proper place on 
the screen or an associated frame of the LCD is touched. 

By way of further example of modifications within the scope of this 
10 invention, the cursor or cursors could be a mechanical cursor or cursors 

which could be of a type which includes, but is not limited to, manually 
positioned sliding mechanical cursors. For example, a mechanical cursor 
could be operated by a thumb wheel coupled to a mechanical linkage, a 
potentiometer, a shaft encoder, or some other operational or control 
15 means. 

By way of further example of modifications within the scope of this 
invention, the electrical power could be provided to the device through an 
electrical cord connected to an external power source or through some 
other means. 

20 According to the invention, it has been found desirable to have 

certain ability to calculate relationships along various measurements. In 
some instances, measurement ratios which if properly characterized can 
assist the physician in diagnosis and therapy. These ratios may be 
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available as published data. However, they are not usually derived from 
measurements without a great deal of effort. The present invention 
provides means for deriving these ratios from measurements ancT 
displaying them for use by the physician. 

For example, in FIG. 14Aan additional movable cursor or centering 
cursor 4A (shown as a chain line) may be provided when called up by the 
function keys 19. This cursor measures the center or midpoint between 
left-hand cursor 3 and right-hand cursor 4. In FIG. 14A, when the right- 
hand cursor 4 moves to position 4', as shown by the chain line arrow, the 
centering cursor likewise moves to position 4A' to the right, having the 
distance between the left-hand cursor 3 and the new position of the right- 
hand cursor 4'. 

Also, in FIG. 14A ratio cursor 14B (shown as a dotted line) may be 
employed when called up by the function keys 19. This cursor may be 
selected to be positioned between left-hand cursor 3 and right-hand 
cursor 4 in a ratio selected by means of the function keys and keypad 1 1 , 
or by simply moving the ratio cursor 4B to a desired position. In FIG. 14A, 
the ratio is 6:1 , that is, the ratio cursor 4B is a distance L1 from left-hand 
cursor 3 which is one-sixth the distance, L2, that the left-hand cursor 3 is 
from the right-hand cursor 4. Therefore, L1/L2 = 1/6. By moving cursors 
3, 4, and 4B any ratio may be selected. 

In accordance with the invention, it is also desirable to be able to 
not only measure the angle that the reference line makes with an object, 
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but also it may be desirable to bisect such angle for centering purposes 
or to otherwise divide the angle into segments. In this regard, it may also 
be helpful to be able to scan the angle by means of a scanning cursor 
rotatable about a point. 

For example, the angle made by the object with some reference 
may be measured as herein above described. The reference may be a 
reference line 5 or it may be the axis of an adjacent bone. In any event, 
the angle may be readily measured by aligning the reference line 5 in the 
display with the bone axis and then establishing that position and 
thereafter rotating the case to position the reference line 5 into alignment 
with the axis of another portion of the object to establish the angle 
therebetween. Whatever angle is measured it may be divided in two or 
bisected, and the value thereof displayed on the display 13. The angle 
may also be divided by a number of desired divisions and likewise 
displayed. 

In addition, it may be desirable to use the EX CALIPER as a 
protractor. For example, as shown in FIG. 14C, horizontal reference line 
5A and vertical reference line 5B intersects at an origin or a center point 
5C a rotational cursor 4C and angle marker 4D may be called up by 
function keys 19 to allow for angle measurements by direct viewing of the 
object through the screen 2 with the origin located at the vertex of the 
angle and one of the reference lines located along an axis of an object to 
be measured. Rotational cursor 4C may then be incremented to establish 
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an angle 0 between the line or cursor 5A and the cursor AC. In addition, 
the supplement (180 - 0), the complement (90 - 0), or the inverse (360 - 
0) of the angle 0 may be displayed automatically or selectively as desired 
by means of the function keys 19. 
5 The ability to store data and algorithms is also desirable. Such 

ability can be further enhanced by the availability of a transfer mechanism. 
The present invention provides such ability to store supplemental data and 
to store algorithms by means of function keys 19. When desired, data, 
algorithms and programs may be transferred into or out of the device by 

1 0 means of function keys 1 9 and a parallel or serial port 60. Transfer of the 

information may be from or to another device by means of an appropriate 
transfer program or protocol. 

Other enhancements include the ability to jump or switch between 
the most recent functions. Such enhancement may be readily provided 

15 by the function keys 1 9. 

Yet another embodiment of the invention shown in FIGS. 14A-14C 
employs a single or integrated multipurpose display such as a single liquid 
crystal display 62 having a transparent portion 2A for viewing objects to 
be measured and a data/control portion 13 for displaying selectable 

20 information. The display shown in the rearside of the case in FIG. 14B 

may be fully open or transparent within the area of the LCD 62 for viewing 
objects therethrough or the display portions may be opaque as desired. 
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In addition, the display may be made selectively opaque by means of 
functions keys 19. 

The display also may include the alphanumeric pad 11 and the 
function keys 19. Such a multipurpose display may be enhanced by 
5 means of a touch screen feature in the form of an overlay 66, as shown 

in FIG. 14A. A further enhancement may include a full keyboard (not 
shown) or an attenuated keyboard 11A which has numbers and letters 
which may be selected by means of the function keys. Such a touch 
screen would thus provide a convenient data entry device. 

10 In this regard, it is also contemplated that the display may be 

provided with a lighted layer 68 activated by one or more edge located 
LEDs 70 for enhanced contrast. The layer 68 would act as a waveguide 
and may be located on the backside of the liquid crystal display. The 
display may also comprise an active matrix. 

15 In an arrangement of the invention employing keys with mechanical 

actuators, such are shown in FIG. 1, the keys may be provided with a 
mouse like feel or actuation force to improve utility. Also, the keys may be 
back lighted either by means of individual LEDs (not shown) or by means 
of the lighted layer 68 described above. While various applications are 

20 envisioned, it should be understood that the present invention may result 

in a hand-held device with desirable ergonomic features as herein 
described. 
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In another embodiment of the invention, the cursors may be 
employed to measure an area of a feature or object and in so doing 
provide additional information for the physician. Such an arrangement 
may be effected by means of an appropriate control functions and 
5 movable cursors in the horizontal and vertical directions. For example, 

cursors 3 and 4 could be marked the left and right margins of an object 
respectively, and the second horizontal cursor 5A may be employed in 
conjunction with the cursor 5 to measure the height. An area may also be 
measured by combining the angle features with the left and right cursor, 

10 that is by measuring the length of the object and then entering the data 

and then rotating the case 90° and likewise measuring the length in that 
direction and entering the data in combination with the function keys 
would establish an area for measurement. The protractor discussed 
above could also be employed to measure the area in polar or Cartesian 

15 coordinates. The arrangement is not limited to rectangular or regular 

areas. 

In another embodiment of the invention, a scanning feature may be 
provided in the case that will read dark or light contrasts of the x-rays to 
determine edges of projected images. A scanner 80 shown in FIG. 16 
20 may be built into the rearside of the case for command data collection. 

In yet another embodiment of the invention, scanned data or stored 
data may be entered into the measuring device may be coupled to a 
densitometer 82 for readings which can be used for a marker for calcium 
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carbonate or used for calculating the amount of calcium carbonate in a 
bone which is a useful diagnostic tool. 

It is also contemplated in the invention to enhance viewing of the 
object by employing a lens or optic prism system near the edge of the 
case to enhance visibility of the object being measured and to improve 
measurements. 

FIGS. 1 5A-1 5C illustrate such an embodiment in which the case 90 
has an enhanced ergonomic shape and function. In the arrangement, the 
edge 92 of the case 90 adjacent the display 2 has a built-in prism 94 
which overlays the display, as shown. In this arrangement, the prism 
picks up part of the image of the movable cursor and projects or transfers 
the image to the edge of the case as a cursor image 4P. In this way, the 
cursor position may be extended to the edge of the case which in turn 
may be used for measurements, if desired. The prism 94 may be 
extended around the sides of the case, as desired to pick up horizontal 
cursors. 

It should be understood that the various functions discussed herein 
may be controlled by appropriate software. 

The description and examples herein are intended to illustrate and 
not limit the scope of the invention which is defined by the full scope of the 
appended claims and which invention is entitled to protection within the 
full scope of the appended claims. 
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What is claimed is: 

1 1. A measuring device including: 

2 a case; 

3 a transparent display mounted in the case; 

4 a processor; 

5 means for generating and controlling at least one cursor displayed 

6 on the display; 

7 means for measuring distances using at least one cursor relative 

8 to a reference in the display; and 

9 means for measuring the angular orientation of the case relative to 
10 a reference. 

1 2. A measuring device comprising: 

2 a case; 

3 a display mounted in the case including a transparent portion for 

4 viewing objects to be measured therethrough and having a reference for 

5 positional and angular measurement therein; 

6 processor means secured in the case and coupled to the display 

7 for processing data inputs and providing data outputs and display outputs; 

8 means coupled to the processor for controlling at least one 

9 movable cursor for display on the transparent portion of the display 

1 0 relative to the positional reference and producing data indicative of the 

1 1 position of the movable cursor relative to the positional reference; 
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12 distance measuring means associated with the processor means 

13 responsive to data indicative of the position of the cursor relative to the 

14 positional reference for producing an indication of a distance 

15 therebetween; 

16 angle sensor means secured in the case and coupled to the 

17 processor for sensing orientation of the angular reference in the 

18 transparent portion of the display and producing data indicative of the 

1 9 orientation thereof; and 

20 angle measuring means associated with the processor means and 

21 responsive to data indicative of the position of the angle sensor means for 

22 producing an indication of the angular orientation of the angular reference. 

1 3. The measuring device according to claim 2 wherein the 

2 transparent display comprises a liquid crystal display. 

1 4. The measuring device according to claim 2 further including 

2 means coupled to the processor means for entering alphanumeric 

3 character data into the processor means. 



1 
2 
3 



5. The measuring device in accordance with claim 4 wherein the 
processor means includes means for producing a menu for prompting the 
user and for displaying said menu on the data display. 
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1 6. The measuring device in accordance with claim 2 further 

2 comprising: 

3 means associated with the processor means responsive to the 

4 distance measuring means for producing an indication of a ratio between 

5 the distance between the movable cursor in a first position and the 

6 positional reference on the transparent display and a number entered into 

7 the processor. 

1 7. The measuring device of claim 6 wherein the number represents 

2 a selectable percentage of the distance. 

1 8. A measuring device in accordance with claim 6 further including 

2 means for multiplying the ratio by a second distance between the movable 

3 cursor in a second position and the positional reference on the 

4 transparent display. 

1 9. The measuring device in accordance with claim 2 wherein the 

2 measuring means includes means for measuring a distance greater than 

3 the width of the transparent display. 

1 1 0. The measuring device in accordance with claim 2 wherein the 

2 measuring means includes means for measuring a plurality of distances 

3 and calculating the average of such distances. 
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1 11. The measuring device in accordance with claim 2 wherein the 

2 processor means includes means for performing addition, subtraction, 

3 multiplication and division. 

1 12. The measuring device in accordance with claim 2 further 

2 including an output port; and 

3 means for generating at the output port information for 

4 communication with an external device. 

1 13. The measuring device of claim 2 wherein the information 

2 includes one of implant template data and implant tracking data. 

1 14. The measuring device of claim 2 wherein the output port 

2 includes at least one of a wireless and wired link. 

1 1 5. The measuring device of claim 2 further including an input port 

2 for receiving information. 



1 

2 



16. The measuring device of claim 15 wherein the input port 
includes at least one of a wireless and wired link. 
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1 17. The measuring device in accordance with claim 2 further 

2 including storage means for storing implant data and means for selecting 

3 an implant from data stored in the said storage means. 

1 18. The measuring device of claim 2 further including memory 

2 means coupled to the processor for storing data. 

1 19. The measuring device in accordance with claim 2 further 

2 including means for collecting, storing and analyzing implant tracking 

3 information. 

1 20. The measuring device in accordance with claim 2 wherein the 

2 positional reference comprises a fixed point on the transparent display. 

1 21. The measuring device of claim 2 wherein the positional 

2 reference comprises a second movable cursor. 

1 22. The measuring device of claim 2 further comprising a second 

2 movable cursor and means for centering the second movable cursor 

3 relative to the first movable cursor and the positional reference. 



1 
2 



23. The measuring device of claim 2 further comprising a second 
movable cursor and means for establishing a ratio of distances between 
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3 the first movable cursor and the second movable cursor and the positional 

4 reference. 

1 24. The measuring device according to claim 2 wherein the case 

2 includes a surface transverse to the transparent display, and wherein the 

3 means for controlling the at least one movable cursor is located on said 

4 surface for facilitating manual activation. 

1 25. The measuring device of claim 2 wherein the case includes 

2 surface portions mounted transverse to the display for facilitating manual 

3 handling over an image of the object to be measured. 

1 26. The measuring device according to claim 2 wherein the case 

2 has a front and rear side and a photocell mounted in a rear side thereof. 

1 27. The measuring device according to claim 26 wherein the 

2 photocell is coupled to the processor for providing power for said 

3 processor. 

1 28. The measuring device in accordance with claim 2 further 

2 including means for controlling a second movable cursor for positioning 

3 between the positional reference and the at least one movable cursor. 
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1 29. The measuring device in accordance with claim 2 further 

2 including means for controlling a second movable cursor for positioning 

3 halfway between the positional reference and the at least one movable 

4 cursor. 

1 30. The measuring device in accordance with claim 2 wherein the 

2 display includes a data display portion for displaying at least one of 

3 alphanumerical characters, distances, angles, control information, and 

4 menu items. 

1 31. The measuring device according to claim 2 further including 

2 means for storing a program in the processor, said program including 

3 means for prompting a user for selective operation of the program in 

4 accordance with a menu. 

1 32. The measuring device of claim 2 wherein the display has a 

2 resolution of at least 0.3 mm. 

1 33. The measuring device of claim 2 wherein the resolution is 

2 about 0.3 mm. 
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1 34. The measuring device of claim 2 including means for 

2 measuring values of dimensions of a plurality of representations of objects 

3 have known values of dimensions; 

4 means for comparing the measured value of the dimension of each 

5 of the plurality of representations of objects with the known value of the 

6 dimension and obtaining a ratio between the measured value and the 

7 known value; and 

8 means for averaging the rations of the plurality of representations 

9 of objects to obtain an average ratio used in measuring distances. 

1 35. The measuring device of claim 2 wherein the display 

2 comprises an integrated multipurpose display having a measuring portion 

3 and a control portion. 

1 36. The measuring device of claim 35 wherein the display includes 

2 the lighting means on a rearside thereof for backlighting said display. 

1 37. The measuring device of claim 35 wherein the display 

2 comprises liquid crystal display. 

1 38. The measuring device of claim 35 wherein the display 

2 comprises an active matrix. 
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1 39. The measuring device of claim 2 wherein the display includes 

2 a protractor having an origin and at least one rotatable cursor. 

1 40. The measuring device of claim 2 wherein the display 

2 comprises a touch screen. 

1 41. The measuring device of claim 40 wherein the touch screen 

2 includes function, alphanumeric and cursor controls access all from the 

3 screen. 

1 42. The measuring device of claim 2 wherein the case includes a 

2 prism optically coupled to the display for extending the cursor to an edge 

3 of the case. 

1 43. The measuring device of claim 2 wherein further including 

2 control buttons having mouse like actuation force. 

1 44. The measuring device of claim 2 including means for 

2 measuring values of dimensions of a plurality of representations of objects 

3 having known values of the dimensions; 

4 means for comparing the measured value of the dimension for 

5 each of the plurality of representations of objects with the known value of 
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6 the dimension and obtaining a ratio between the measured value and the 

7 known value; and 

8 means for averaging the magnification ratios for the plurality of 

9 representations of objects to obtain an average magnification ratio used 
10 in measuring the distances, 

1 45. The measuring device of claim 2 further including means for 

2 measuring an area. 

1 46. A measuring device comprising: 

2 a case; 

3 measuring means in the case; 

4 display means mounted on the case for selectively displaying a 

5 menu of at least one of a plurality of functions; 

6 processor means secured in the case and coupled to the display; 

7 storage means coupled to the processor for storing a program 

8 including said plurality of functions and corresponding menu items for 

9 displaying selected ones of the functions on said display means; and 

1 0 means coupled to the processor for allowing a user to select the at 

1 1 least one of said functions from the menu. 



WQ9858229 ffile://C:\Documents and Settings\kflanaga\Desktop\W09858229.cpc] 



Page 72 of 98 



WO 98/58229 PCT/US97/10670 



-70- 

1 47. The measuring device according to claim 46 wherein the 

2 functions include at least one of control, positional, angular, template, 

3 ratio, implant tracking and centering functions respectively. 

1 48. The measuring device according to claim 47 wherein the 

2 display includes a transparent portion having measurement references 

3 therein and for viewing objects to be measured therethrough relative to 

4 measurement references. 

1 49. The measuring device of claim 46 including means for 

2 operating the processor to perform the at least one of the control 

3 functions. 

1 50. The measuring device according to claim 46 wherein the case 

2 includes a surface transverse to the display and wherein the means for 

3 controlling the at least one movable cursor is located on said surface for 

4 facilitating manual activation. 

1 51 . The measuring device of claim 46 wherein the case includes 

2 surface portions mounted transverse to the display for facilitating manual 

3 handling over an image of the object to be measured. 
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1 52. The measuring device of claim 46 wherein the device is hand 

2 held. 



1 53. A measuring device comprising: 

2 a case; 

3 a processor for performing control and data functions; 

4 display means coupled to the processor and mounted in the case 

5 including a positional and angular reference, and for displaying a menu of 

6 said control and data functions; 

7 means for selecting from the menu the control and data functions 

8 to be performed by the processor; 

9 means coupled to the processor for entering data therein; 

1 0 means for controlling at least one movable cursor for display on the 

1 1 transparent display relative to the positional reference; and 

12 angle sensor means secured in the case for sensing orientation of 

1 3 the case relative to the angular reference. 
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Figure 9 

Functional Specifications 
Flowcharts of Excaliper's modes and functions 



HOW TO READ THE FLOW CHARTS: 



ENTER 



3B.2 



Cursors appear in default pos- 
itions, this readout appears: 



I 52.12mm I 

MAGNIFICATION: 123V. 



LINEAR EEdm 



_L 



Button pressed / action taken by user 
Link to previous boxes 

• Description of visual feedback / functionality 



What the user would see on the resulting readout screen 
(on the Excaliper device) 



Link to subsequent / resulting action boxes 
Flowchart box identification numbers 



THE READOUT SCREEN: 



Readout cell (selectable/editable data) 

• Blinking highlight (selection & editing tool, moved by 
directional keys)" 

• Magnification percentage cell (selectable/editable data) 
k Directional keys symbol (not selectable or editable) 

^ Option cells (selectable, but not editable) 

•Note: the blinking highlight would work the same way as cursors in text editing programs: as user 

types a letter, the cursor simultaneously bumps to the next letter/character space. Highlight only 
blinks in the editable data celts, i.e., readout cell, and magnification cell as well as name and 
telephone number cells. 







I 52.1Wm75T 


I - 












MAuNIr |LA I [UN: 




LINEAR . 


MM/IN 








MARK , | 




• 






I : » 







GLOSSARY & KEY TO SYMBOLS: 

| j — Prompt 
Screen 



Cursors 



2A.3 



The REPOSITION LEFT 
CURSOR prompt appears 



JRSOR* 7 
ii / 



/ 



• REP LEFT CUR 
USING CONTROL 
BUTTONS. MOVE LCH 
CURSOR TOWWPOSI. 
HON AND PRESS ENTER 



User repositions left cursor 
5mm to the right using control 
buttons and presses ENTER, 
this enters be me new default 
position lor me led cursor 



Tells the user to perform a specific function 

The two vertical lines in the LCD screen. 

Default positions are 5mm from the left edge of the screen 

for the left cursor and centered for the right cursor. 

Control button symbol (the two control buttons are used to 
move the cursors, they are also used in the ANGLE mode 
to set angle origins and display angle data). 
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Figure 10A 

Set-Up Mode Functions 



ON 



ON button is pressed. If bat- 
teries are not weak, the first 
screen to appear would be the 
owner/1.0, message, (if the 
user has decided to input one. 
see 1B.1 through 1C)" 









I 0N I 


If batteries are weak, tnis alert 


message appears: 






• ALERT • 








THE BATTERIES 








ARE WEAK. 








PLEASE REPLACE S00NI 








PRESS ANY I 






NOTE: This alerts message 


1A 


would linger until a button is 
pressed. 



FUNCTION 



1B.1 



1B.2 



1B.3 



Note: The device shuts itself off 
automatically after six minutes, 
(if no buttons are pressed). 



To input owner 1. 0. the 
user presses FUNCTION, 
the menu then appears: 



• MENU • 
n CALIPER 
U ANGLE 
U CALCULATOR 
□ SETUP 



The user then presses 7. (on 
the numeric keypad) SET UP. 



The SET UP screen appears: 



• set up • 
n reposition l cursor 

UAU010 m/ OFF 

u enter owner i.o. 

PRESS FUNCTION OR 
GO BACK FOR MENU 



The user selects 3, owner I.O. 



ENTER OWNER l.O. screen: 



• ENTER OWNER 1.0. • 
INPUT NAME & TEL* 
QSCOEFGHIJKLMNOPQR 
STUVWXYZ1234567890Q 

, , =""0 



User enters name & number 
using directional and ENTER 
buttons, then selects OONE 
and presses ENTER... 



Note: Pressing the FUNCTION key 
always displays Main Menu. 



Note: status for audio is indicated 
(on). User can press 2 or use directional 
keys & ENTER key to change status 
far audio. 



Note: to change a previously entered 
owner I.O., or edit as you type in data 
(if you make a mistake while typing) the user 
positions the highlight (using directional keys 
v) and either types over the old I.O., letter 
by letter, or, the user may delete the entire 
contents of a cell by positioning the highlight 
any-where within the cell and pressing C*CE. 



| on | 

(i/from 
boxl) 

or 

| ENTER | 

(if from 
box 1B.3) 



1C 



The owner I.O. message: 



THIS EXCAUPER 
BELONGS TO 
OR. JOHN SMITH 
(41 5). 776. 6348 

FUNCTION FOR MENU 



* Note: if the user does not opt to 
input owner I.O. information then the 
MENU gets displayed upon startup. 
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Figure 10B 

Set-Up Mode Functions, continued. 



Reposition leit cursor (from MENU) 



FUNCTION 



2A.1 



To reposition trie left cursor 
(vvmcn oy oetauit appears 5mm 
from led aoge of caliper screen) 
tne user must press the 
FUNCTION xey for me menu. 



• menu • 

U CALIPER 
U ANGLE 
0 CALCULATOR 
U SET UP 



User presses 4 -on the numeric 
keypad) tor SETUP ... 



Reposition left cursor (fro m Caliper mode) | 



ENTER 



3B.2 



The readout tor magnification 
percentage appears: 



I 52i12mm 1 

MAGNIFICATION: 123% 



2A.2 



The SET UP screen apoears. 



• 3ET UP • 
tl REPOSITION L CURSOR 
U AUOIOliU/ OFF 
U ENTER OWNER 1.0. 

PRESS FUNCTION OR 
GO SACK FOR MENU 



The user selects 1, REPOSI- 
TION LEFT CURSOR. 



T 



FUNCTION 



To reposition the left cursor 
(wnich oy default appears 5mm 
from left edge of caliper screen) 
the user must press (he 
FUNCTION key lor the menu: 




2B.1 



User presses 4 (on the numeric 
keypad) lor SET UP ... 



2A.3 



The REPOSITION LEFT 
CURSOR prompt appears: 



• REP LEFT CURSOR • 
USINO CONTROL <L «L 
SUTTONS. MOVE LEFT 
CURSOR TO NEW POSI- 
TION A NO PRESS ENTER 



User repositions left cursor 
5mm to me right using control 
buttons ar.o presses ENTER, 
this enters the new default 
position for the left cursor. 



2B.2 



The SET UP screen appears: 



• SETUP • 

a REPOSITION L CURSOR 
AU0I0M2/ OFF 
U ENTER OWNER 1.0. 

PRESS FUNCTION OR 
CO BACK FOR MENU 



The user selects 1, REPOSI- 
TION LEFT CURSOR. 



I i 

(control 
buttons) 



ENTER 



2A.4 



Device returns user to the 
MENU screen 



• menu • 

[I CALIPER 
ti ANCLE 
tl CALCULATOR 
a SET UP 



2B.3 



The REPOSITION LEFT 
CURSOR prompt appears: 



• REP LEFT CURSOR • 
USING CONTROL 11 
BUTTONS. MOVE LEFT 
CURSOR TO NEW POSI- 
TION ANO PRESS ENTER 



User repositions left cursor 
5mm to the nght using conlrol 
buttons and presses ENTER, 
this enters De the new default 
position for the left cursor. 



(control 
buttons) 



ENTER 



2B.4 



Oevice returns to previous 
mode with left cursor in new 
position, right cursor stays 
where it was, data screen 
readout adjusts ana displays 
the new total distance: 



I 47.12^1 

MAGNIFICATION: 121% 

DEUX 



[ MARK [ 
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Figure 11A 
Caliper Mode Functions 





The 1 key is pressed tor select- 
ing the Caliper mode: 


1 


CO 




• CALIPER MODE • 
a CALCULATE MAGNIFICA- 
TION FROM X-RAY 

H USER DEFINEO MAGNI- 
FICATION 









Calculate Mag from X-ray: 



Imm 1 



MAGNIFICATION: V. 
INPUT MARKER 
OR IMPLANT DIMENSION 
AND PRESS ENTER 



^ User enters a dimension of 

3 A. 1 32 mm and presses ENTER 



3B.1 



User-defined magnification: 



I 



mm 



MAGNIFICATION: ■% 
INPUT MAGNIFICATION-/. 
FROM 0-200% 
ANO PRESS ENTER 



User enters 123% and presses 
ENTER 



ENTER 



3A.2 



(control 
buttons) 



ENTER 



3A.3 



Cursors appear in default pos- 
itions, this prompt appears: 



32.QQ , 



mm 



MAGNIFICATION: % 

ENCLOSE MARKER OR 
IMPLANT WITHIN 
CURSORS & PRESS ENTER 



Using the control buttons, the 
user encloses marker within 
cursors and presses ENTER. 



The readout tor magnification 
percentage appears: 




ENTER 



3B.2 



The readout tor magnification 
percentage appears: 







I 52.1 2mn, I 




MAGNIFICATION: 123% 


MM/IN 


* 




I MARK j 











The flow of functionality 
for the Caliper Mode 
continues... 



WQ9858229 [file://C:\Docu merits and Settings\kflanaga\Desktop\W09858229.cpc] 



Page 86 of 98 



WO 98/58229 



PCT7US97/10670 



13/24 



Figure 11B 
Caliper Mode Functions, continued... 



Expert user 
cursor positioning 



ENTER 



3B.2 



The readout lor magnification 
percentage appears: 





OCE 



4A.2 



ENTER 



4A.3 



For fast cursor positioning, the 
user must first move highlight 
into the readout ceil using the 
directional keys (v). 



I 52.1 EU I 

MAGNIFICATION: IMS 



C'CE is pressed to delete the 
numerical values in the read- 
out eel Highlight blinks... 









1 1 mm 




MAGNIFICATION: 123* 




LINEAR 


MM /IN 






MARK 




* 











prompting user to input data 



Desired distance, 30mm is 
input and ENTER is pressed. 
Cursors will adjust to new 
positions and screen displays 
new data: 



mm 



MAGNIFICATION: 123% 



LINEAR ECHEM 



3 



mm/in function 




To convert readout from metric 
to inches, or vice versa, user 
moves highlight to the MM/IN 

cell... 



52,12 



mm 



MAGNIFICATION: 123% 
j MARK -^^O^^ 



±1 




...and presses ENTER. Each 
time the mm/in key is pressed, 
the readout toggles between 
metric and inches. The default 
is metric. 



I 2.Q5ln I 

MAGNIFICATION: 12}% 



5 



MM/IN 



Note: upon returning to the readout screen, the 
highlight returns to its default cell position (LINEAR). 



Note: when changing previously entered data, user positions highlight (using v keys) & either types over old data, number by number, or, user 
• may delete the entire contents of a celt by positioning the highlight anywhere within the cell and pressing OCE. 

Note: both the magnification % value cell and the mm value cell can be cleared (C»CE). but. both cells cannot be deleted/empty at the same time. 
Rule: first clear and input the data values in one and press ENTER, then clear and input the data values in the next and press ENTER. 
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Figure 11C 

Caliper Mode Functions, continued... 



m 
m 
□ 

ENTER 

3BT~ 



The readout for magnification 
percentage appears: 



52.12 



mm 



MAGNIFICATION: 123% 



I MARK ' 



MM/IN 



Change Magnification percentage 



5A.1 



□ 

► 

en 



ENTER 



5A.2 



5A.2.1 



The user moves the highlight 
into the magnification cell. 









I 52.1 2m m 




MAGNIFICATION: 183% 


LINEAR 


MM/IN 






MARK 















The previous value (123%) is 
ready to be edited and the new 
value gets typed tn... 



The readout adjusts in pro- 
portion to the new magnifica- 
tion. The readout displays: 



55.27, 



mm 



MAGNIFICATION: 116 
| MARK | ~| 



3 



Continue to press the GO BACK 
button to backtrack through 
previous screens until user 
reaches MENU 




5B.1 



OCE 



5B.2 



Mark Functions 



Upon selecting the MARK 
function, a mark cursor 
appears, replacing the position 
of the original cursor. The 
original cutsor moves 5mm to 
the right. The screen displays 
the new data. 



j TOTAL: 57.12inm I 
iMARK- SM?,nm/S I 

MAGNIFICATION: 123% 



See relerence drawing below: 



Pressing clear would result 
in the mark cursor vanishing, 
the right cursor remains in its 
new position & the new readout 
appears: 



I 57,12n 



■mm I 

MAGNIFICATION: 123% 



| MARK ] 



3 



Note: when changing previously entered data, the user positions the highlight (using directional keys v) and either types over old data, number 
by number, or. the user may delete the entire contents of a cell by positioning the highlight arrywheie within the cell and pressing CCE. 
Note: both the magnification % value cell ana the mm value cell can be cleared (C«CE). but both cells cannot be deleted/empty at the same time. 
Rule: first dear and inpuUhe data values in one and press ENTER, then clear and input the data values in the next and press ENTER. 
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Figure 11D 




3A 



.4 .2 8 

/ 6. 



/ / 



X 



e*Scj\ LI PER 
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Figure HE 

Caliper Mode Functions, continued- 



Alternative method of measuring 




The user places the Excaliper 
on the x-iay so that the object 
or distance to be measured 
is visible through the trans- 
lucent screen. 



USE DIRECTIONAL BUTTONS 
TO MOVE CROSS HAIRS TO 
THE ORIGIN POINT FOR 
MEASURING OBJECT AND 
THEN PRESS ENTER . 




X 



After the user has moved the 
cross hairs to the origin point, 
and pressed enter, the next 
prompt appears. 



USE DIRECTIONAL BUTTONS 
TO MOVE CROSS HAIRS TO 
THE ENOPOINT FOR MEAS- 
URING OBJECT. ANO THEN 
PRESS ENTER. 



ENTER 



5C.3 



After moving the cross hairs 
to the endpoint side of object, 
and pressing enter, the 
display reads-out the 
digitally measured distance. 



1 3Qm m 

MAGNIFICATION: 123V. 



3 
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Figure 11F 

Caliper Mode Functions, continued. 



1 



ENTER 



3B.2 



The readout for magnification 
percentage appears 



I 52.12mm I 

MAGNIFICATION: 121% 



2nd marker 

Compensate (or Parallax 



ENTER 



6A.1 



The LINEAR function must be 
selected in order to make PAR- 
ALLAX availaole 



HQ Q,87 m ml 

MAGNIFICATION: 122% 



MARX 



The user moves the higniignt 
to PARALLAX (using the direc- 
tional keys,-/) and presses 
ENTER 



ENTER 



6A.2 



2nd marker/Parallax prompt. 



r 



MAGNIFICATION: % 
INPUT 2N0 MARKER 
OR IMPLANT DIMENSION 
AN0 PRESS EHIEfl 



User enters a dimension of 
32mm ana presses ENTER. 



ENTER 



6A.3 



Cursors appear in default pos- 
itions, this message appears: 



J2 



MAGNIFICATION: % 



CURSORS A PRESS ENTER 



Using control buttons. ;ne user 
encloses 2nd marker within 
cursors and presses ENTER 



(control 
buttons) 


The averaged magnification 
(the average between 1st and 
2nd markers) now appears, 
readout (mm) changes in pro- 
portion to new averaged mag- 
nification percentage 


ENTER 




I 96,90mm ! 










MAGNIFICATION: 127% 








luimi mm'!i ..... 






6A.4 




t MARK | 


v 



















Linear Calibration 



ENTER 



6B.1 



The LINEAR function lets the 
user work with distances that 
exceed tne length of the device 
Upon selecting LINEAR, the 
rigm cursor jumps to the 
extreme right position. Read- 
Out displays new total distance 
(with current magnification) 
This prompt appears: 









1112.42mm 




MACNIflCAllON: 123% 
MOVE DEVICE ANO ENTER 


■Ems 


MM/IN 






MARK 


PARALLAX 













The user can move device and 
select LINEAR again to keep on 
measuring, or. use the control 
outtons to finalize the measure- 



C-CE 



6B.1.1 



If user presses C-CE the cursor 
positions would not change, 
the readout screen returns to 
the typical readout, displaying 
the distance between cursors. 
PARALLAX option vanishes. 









1 90.72 mm 




MAGNIFICATION: 123% 




MM/IN 






[MARK 















NOTE: PARALLAX becomes available only when LINEAR 
option is active. This feature lets user compensate for 
parallax distortion on x-rays (see discussion in text). 
White LINEAR is selected. MM/IN and MARK options 
remain available 




6B.2.1 



User moves devce and 
presses ENTER. A cummulatrve 
distance is calibrated The new 
total distance is displayed and 
the user can either repeat this 
sequence (to go longer) or fine- 
tune cursor positions far total 
distance. Readouts acummulate 



I 224,84mm | 
magnificaiion: wj% 

MOVE OE VICE ANQ ENTER 




Upon pressing the control 
buttons, the new total distance 
is dispiayed.The final readout 
appears: 



'203.14m.nl 
MAGNIFICATION: 1251. 
MOVE OEVICE ANO ENTER 



3 



Note: tne above sequence can be repeated, if tne 
ooiect being measured is of a length which requires 
stepping the device over repeatedly 
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Figure 12 
Angle and Goniometer Functions 



FUNCTION 

7.1 


To use the Angle mode, the 
user must press the FUNCTION 
key lor me menu: 




• MENU • 
n CALIPER 
U ANGLE 
U CALCULATOR 
U SET UP 




User presses 1 (on me numeric 
keypad). ANGLE MCOE ... 






I 2 i 




The ANGLE MODE prompt 
screen appears: 




7.2 




• ANGLE MODE • 
PLACE EOCE ON SIDE 
Of ANGLE. PRESS LEFT 
THEN PLACE ON OTHER 
SIOE OF ANGLE * PRESS 
RIGHT CONTROL BUTTON JL 




The user places device on the 
iirst side of angle and presses 
the left control button to set the 
origin for measuring an angle 
(dispiay reaas 0 : upon pressing 
left contrci outton)... 



I 1 

«■» A 

(left 
control 
button) 



7.3 



Origin is set and device is ready 
(or measuring an angle: 



ROTATE OEVICE ANO 
PRESS RIGHT CONTROL 
BUTTON ±. 



User then moves the device to 
the other side o( the angle and 
presses the r:gcit control button 



Device will readout in degrees (0M80 9 ) when rotated in 
either clockwise or counterclockwise directions 



User moves 
device... 

t i 

(right 
control 
button) 



7.4 



Pressing the n control button 
displays p.e current angle read- 
out in degrees. If user holds the 
right buttcn down v/nile moving 
the device, it win display a con 
tinuous readout ot angles 



us! 



ROTATE OEVICE ANO 
PRESS RIGHT CONTROL 
BUTTON « 



The aoove sequence may :s repeated as many times 
as the user wishes. To ret-rn to another mode the 
user presses FUNCTION !cr :ne menu 



GO BACK 



7.4.1 



7.4.2 



Continue to press the GO BACK 
button to backtrack through 
previous screens until user 
reaches MENU 



Or user may press 1 to go 
back to caliper mode. 



This would put user 
back to work in 
progress in caliper 
mode as in 3B.2 
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Figure 13 
Calculator Mode Functions 







FUNCTION 

8.1 


To use the Calculator mode, the 
user must press the FUNCTION 
key for the menu: 




• M£NU • 
D CALIPER 
U ANGLE 
U CALCULATOR 
U SET UP 




User presses 3 (on the numeric 
keypad), CALCULATOR MODE.. 






3 




The CALCULATOR MODE 
screen appears: 




8.2 




• CALCULATOR • 

0 




The screen shows a typical ten 
place calculator display in the 
lower right part ol the screen 




I 



To return to another mode the user presses 
FUNCTION tor the menu. 
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0-0-0-0 

(0) <=>^c3 



.A 



(2 




0-0-0-0 
oooo 

0-0-00 
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